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Zambia’s electricity sector just like most SADC member states, is facing numerous challenges 
associated with energy security  due to rapid energy demand growth and  lower energy 
accessibility. This is mainly caused by  lower grid coverage and high dependence on only one 
energy source (hydropower) which is affected by climatic patterns. For instance, hydropower is 
affected by climate change as evidenced in the recent years due to increased droughts. The drought 
has consequences on the power generated (caused partially by low level of water in the dams), and 
may have casacading effects on social and economical growth of the country. To offset the effects 
of  low generated power (caused by drought) there is need to bring into play other form of 
renewable energy technologies.  However, the country is still in its embryonic stages in harnessing 
its abundant RE resources due to compounding problems such as defective  policy, institutional 
weakness, coordination, infrastructure, resources and competency.  
This research analysed and provided a detailed review of RE development in Zambia, the status of 
energy policies and the energy system security  in Zambia. In particular, the main concern was to 
examine how policy affects the implementation and deployment of renewable energy in a country. 
In this research a closed loop and system dynamic model for  Zambia sustainable renewable energy 
policy-ZASREP and solar photovoltaic deployment model was used. Also, steps were highlighted 
to reveal the dynamic factors between the energy policy formulation, system security and the 
deployment of RETs. By extension, the model could be used on SADC region and with a 
situational analysis for Zambia. Given the fact that the  stocks and closed loops are country specific 
this model has the flexibility of being used for both developed and developing countries.  Eleven 
(11) scenario options ranging from the current base case of high dependence on hydro power 
scenario to scenario policy 10 (P10) with alternative renewable energy were critically analysed.  
According to the results analysis, policy 9 (P9) in this model provides the most plausible RE policy 
target of the Zambia.  In this policy (P9) the country should look at increasing the RETs share to 
15% solar, 4% wind, 3% Biomass, 1% small hydro, 1% geothermal and 76% large hydro as a more 
realistic and achievable target of the RE sector by the year 2035 to achieve the required 10.4GW 
additional new capacity. It can also be concluded that the Policy 9 provides a system security for 
the country as the country would then turn to be a chief exporter of energy in the region and this 
would also lead to the country achieving electrification levels above 66%  set target by the 
government and above 35% of SADC average electricity access level. Hence, according to studies 
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conducted by ZESCO and JICA including this study, by 2035, Zambia total net electricity demand 
is expected to reach 42.54 TWh about threefold increase from 14 TWh per year in 2018. This 
increase would require installation capacity of about 13.3 GW of electrical power by 2035. As of 
January 2019, the installed capacity was about 2.9 GW implying that an additional new capacity 
of 10.4 GW is required by 2035. To develop this capacity requires an overall cumulatıve 
investment in renewable energy technologies (RET) estimated at US$ 16.2 billion by 2035. Hence, 
to attain such targets, Zambia requires finding and developing investment strategies for short and 
long term which should include timely investment in electricity generation and transmission sector.  
The research conclusively showed that although Zambia continues to diligently formulate energy 
polices, it fails to implement these energy policies due to a lack of integrated energy planning 
efforts. One of these is the failure to raise or receive funding in time. This has caused a lot of 
setbacks in the implementation of RE projects. Furthermore, the policy makers fail to implicitly 
set short-, middle- and long-term realistic and tangible targets in energy policy formulation and 
development,in the simulation subsidies and REFITs are important policies to attract investment. 
Therefore, this research creates a  new prototype that proves that the formulation of policies should 
best be done from the sustainablity point of view through intergrated resource planning driven by 
the real reflective tariff and targets. Hence, the findings of the research provide academics, policy 
makers, independent power producers and consumers with enhanced knowledge of literature of 
the factors that will successfully enable the implementation of the Zambia sustainable renewable 
energy policy-ZASREP framework  that could incorporate the intergrated resource planning in the 
country. Therefore, this research contributes to the literature on sustainable renewable energy 
policy, energy system security and energy targets in Zambia, by analyzing a new phenomenon, the 
recent rise of energy plans and energy policies on renewable energy in developed and developing 
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“It is time for a sustainable energy policy which puts consumers, the environment, human health, 
and peace first”. Dennis Kucinich (Kucinich, 2005) 
1.1 Introduction 
Globally renewable energy has expanded rapidly in recent years. The total global renewable 
energy based power capacity has doubled from 1,037 GW in 2006 to 1,985 GW towards the end 
of the year 2015 ( Schiffer, 2016). In Africa, however, the continent has a total installed generating 
capacity of 68 GW of which about 65% of this capacity is provided by one country: South Africa 
(Rogers, 2014). Comparatively, the total installed capacity of the continent is equivalent to the 
installed capacity or the electricity output of Iran at 62 GW. This clearly indicates that the African 
continent has a substantially low capacity to meet its energy requirements (Rogers, 2014). Even 
under such difficulties, the African continent however is mobilizing resources and making 
pathways in expanding the generation capacity in order to meet its current  energy demands. This 
expansion strategy has seen the invetsment in energy (clean energy) expand from $41 billion in 
2004 to $272 billion in 2014 (Rogers, 2014). Much of this expansion has been done by the African 
governmnets and involves policy requirements, subsidies, supported research and, and other 
mechanisms (Jeong, 2017). It must be stated at this point that,in order to carry out the expansion 
of generational power through renewable energy systems, policy and management of such 
decisions must be of prime importance. Good policy and management mechanisms can foster the 
speedy development of renewable energy systems. Within this ambit, it is necessary that energy 
decisions, made at either governmental level or regional level cannot be made in isolation of other 
instruments that will catapult the construction of renewable energy systems. Within this 
perspective, Munasinghe (1990) acknowledges that energy decisions, in developing countries, 
cannot be made in isolation of other requirements such as management and policy analysis 
(Munasinghe, 1990). In the same line, Jeong (2017) acknowledges that governments have to foster 
the use of renewable energy to address various energy and environmental issues that the continent 
or the world is facing. He outlined the various environmental challenges such as climate, energy 
security, and air pollution.  In order to foster, the developemnt of renewble energy Jeong, (2017)  
believes that well crafted energy support policies must form part of  renewable energy technology 
development (RETs).Within this trait of developments diverse renewable energy policies have 
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increased sharply around the world with about 145 countries adopting renewable energy support 
policies in 2015. Statistically, this   gave an increase of 9 times more than that of 2005, which had 
only 15 countries with energy development support policies (Kieffer and Couture, 2015).  
Largely, “renewable energy for all” in developing countries, albeit a slow process, is inspiring 
numerous deployments in some countries across the globe. It has been looked upon as a substitute 
for accelerating social and economic growth and shows the potential to provide the goal of “energy 
access for all” in both rural and urban areas. Regardless of the multiple benefits of what energy 
access can do in developing countries, the fundamental concern of energy deployment as well as 
implementation, is developing policies that are capable of promoting renewable energy  
development.  
Different countries (those promoting renewable  energy development) have different ways in 
implementing the RE deployment. Of course,  Abdmouleh, et al., (2015) clearly indicates that 
there exists no one ideal support scheme for Renewable Energy (RE) development that could be 
endorsed in a general way. Such a way, for a particular country,  depends on different factors such 
as: the present-day market stage of the technologies, the budget obtainable or the means of finance, 
anticipated RE targets, and the practicability of the technology mix, with regard to the 
environmental conditions in the respective country (Abdmouleh, et al.,2015).In this regard, 
analysis of different experiences on policies that encourage RE development can help in 
adavancing the implementation of RE. Extant literature, such as the AFP report, has shown that 
80% of 111 countries have begun adopting policies that are with sole purpose of expanding 
electrical grids and connecting them to either solar and wind generation (AFP, 2017). These 
countries are also able to support the power utilities while keeping energy prices affordable. It was 
found that more than a third of these countries, which house 96% of the global population, were 
at an advanced stage of renewable energy adoption. The report also noted that progress in 
renewable energy development was not limited to rich countries alone (Naidoo, 2017). Africa, 
albeit a slow process, is also promoting renewable energy adoption through proper policy 
implementation (AFP, 2017).  Even with these strides in energy development and implementation, 
the African continent still faces a huge energy deficit and has one of the least developed policy 
environments to support energy access (AFP, 2017; Naidoo, 2017).  According to the World Bank 
report, government policies that promote renewable energy are severely lacking in Sub-Saharan 
Africa and if there are any, they are economically and socially depressing (Naidoo, 2017). 
Additionally, the International Renewable Energy Agency (IRENA) (Kieffer and Couture, 2015), 
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puts it plainly by highlighting the key issues that are required in policy formulation such as What 
are the renewable energy targets? Why set a renewable energy target? How should they be 
designed and translated into specific policy instruments? Duffy, et al., (2015) conclude that, with 
the need for proper renewable energy policies to cater for sustainable energy provision in rural and 
urban areas, it has become essential to develop functional policy using system dynamics approach, 
for it is capable of attaining general optimal implementation and deployment in developing 
countries (Duffy, et al., 2015).  
1.2 Motivation  
The levels of the economy, environmental concerns and social welfare of a country are affected 
directly by the energy security (Aslani and Hiltunen, Renewable Energy Supply Chain 
Ostrobothnia Region and Vaasa City: Innovative Framework, 2013). The rapid increase in 
population, energy demands, frequency of droughts and the  impacts of the global warming on the 
country has led to the policy makers and government to seek for solutions to the prevailing energy 
crisis (SADC, SARDC, 2016). Zambia’s one solution highlighted in the Seventh National 
Development Plan (7NDP) of the country is the need of an integrated resource plan (MNDP, 2017). 
The 7NDP stresses the need for developing frameworks and capacity building in the Zambian 
public sector as a means of realizing a total adherence to good governance by the year 2030 
(MNDP, 2017). Adopted from the Southern African Developing Countries (SADC) baseline report 
on the energy sector in the southern African region, the concept of governance can be said as the 
ability to exercise economic, political and administrative authority in managing a country’s affairs 
at every level (SADC, SARDC, 2016). A good governance consists of processes, mechanisms and 
platforms where citizens and groups can air their grievances, interests as well as legal rights to 
meet their needs. In light of all this, a policy framework on new modern Renewable Energy 
Technology (RETs) deployment and increased energy security of a country is one of the 
mechanisms to achieving good governance. 
An article by the authors  as shown in appendix 1 on “The review of the energy policies in Zambia”  
has highlighted the fact that one of the challenges in the deployment of renewable energy 
technology (RETs) in the country is the lack of coordinated energy policy. Firstly, the country sets 
very ambitious targets without setting tangible milestones of when to achieve and how to achieve 
them. As an example, Zambia hopes to achieve electricity access of 66% by 2030 from the current 
33% (SADC, SARDC, 2016). A scrutiny of this target shows that, the target does not specify; how 
this will be achieved and the proportional ratios of the RETs that will be connected in order to 
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attain the targets. Secondly, policies lack the build-up on the previous plans as they are highly 
government driven. In the past decade, Zambia has seen four different governments with each 
government having a different approach to handling the energy sector of the country. Lastly, lack 
of integrated energy planning and failure to raise or receive funds in time has highly affected the 
deployment of RETs. Additionally, there are several other challanges that exists and have led to 
the energy dificit in the SADC region and by association includes Zambia. Table 1.1 highlights 
some of the causes of the challenges faced in the SADC region and which patterns to Zambia as 
member state.  
Table 1.1:Summary of the causes of the SADC region energy deficit 
 
Due to the above listed challenges, three major research motivations are identified to serve as a 
basis for this thesis. 
§ Need for incorporating an integrated resource planning in the renewable energy policy 
development to ensure sustainability. 
§ Need for a system dynamic modeling approach to aid integrated resource planning in the 
renewable energy policy development and sustainability. 
Cause of Energy Deficit SADC Region Zambia 
Population ⋅ Rise at 1.7% per year ⋅ Rise at 3% per year 
Policies  ⋅ Lack legislative instrument  
⋅ Lack regulatory framework  
⋅ Some No targets and RE 
master plan  
⋅ Lack legislative instrument  
⋅ Lack regulatory framework 
⋅ No set targets  
⋅ No RE master plan 
System Security  ⋅ Fossil dependent 
⋅ Hydro dependent 
⋅ Non-investment in RETs 
⋅ Hydro dependent  
⋅ Non-investment in RETs 
 
Tariff  ⋅ Non-cost reflective  
⋅ No support for reinvestment  
⋅ Non-cost reflective 
⋅ Non-attractive to independent power 
producers 
⋅ No support for re-investment  
Capital ⋅ No capital injection in 
generation projects  
⋅ No capital injection in generation projects 
⋅ Donor dependent  
Plant Performance ⋅ Poor plant performance  ⋅ Obsolete plant  
⋅ Poor plant performance 
Expansion  ⋅ Non-economic expansions in 
most member countries  
⋅ Non-economic expansions in energy sector  




§ Need for a system dynamic approach to evaluate and set the energy resource targets for the 
country. 
1.3 Background and Rationale  
Despite the fact that, Africa has been a home to about 600 million people without electricity, it 
also has a huge energy deficit and one of the least developed in terms of policy needed to support 
energy access (Kieffer and Couture, 2015). With this deficit of energy, partially driven by wrong 
policy, the need to deploy and implement RE sources is increasing, though not reflecting in some 
African countries. Even so, one cannot say that there are no good performers in terms of renewable 
energy development in Africa. Some of these performers, such as Kenya, Uganda and Tanzania 
have strong policy frameworks in place. In essence these three countries outperformed other 
countries on the continent when it came to renewable energy development (see for example Kieffer 
and Couture, 2015). Also in the same line is South Africa which performed well on the renewable 
energy global political economy (GENI, 2016). Despite the technique in which the world currently 
produces and consumes energy as being unsustainable (Salifou Bengaly, 1989), world populations 
are rapidly expanding resulting in energy deficit in most countries. Energy deficit in most countries 
has prompted the call to diversify the energy generation, supply mix and follow a sustainable 
energy development paths underpinned by sustainable policy formulation. 
1.3.1 Energy Development in SADC region  
Since the year 2007, the SADC region has experienced energy deficit resulting from various 
combination of factors such as diminishing generation surplus capacity against an ever-increasing 
growth in the energy demand (SADC,SARDC, 2016). The SADC region attributes this energy 
crisis due to ;  
i. Lack of regional coordination since countries tackle the crisis at national level  
ii. Non-cost reflective tariffs  
iii. Regional and national capacity levels  
iv. Lack of investment in new infrastructure  
v. Climate change effect and El-Nino induced weather conditions resulting in drought 
conditions causing most dams water levels dropping in the region.  
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When the Southern African region is compared to the other African community it has a relatively 
low electricity access of 42% whereas the Eastern has 36% and the 44 % for the Western African 
community. In view of the rural electrification, Zambia is among some of the SADC countries 
with less than 9% of rural access to electricity (SADC,SARDC, 2016).  
Generallay the SADC region has vast energy potential which comprises of solar, wind, nuclear, 
coal, hydro, gas and petroleum as shown in Figure 1.1. According to a research by African 
development bank, the total hydro potential in the SADC region is at 1080 TWh/year and only 31 
TWh/year is in use (UNEP, 2017). The region has the ability to meet the energy challenges 
provided the vast RE sources such as hydro, wind and solar are fully harnessed. 
The RE penetration and use across the region is low; and to address the challenge SACREE has 
been established with the intention of transforming the energy development in the SADC region. 
It is envisioned that once the RE increases, it will amount to 32% of the energy mix by 2020 and 
35% by the year 2030.This will result in the reduction of the current SADC electricity generation 
from  fossils  that is mostly 74% (SADC,SARDC, 2016; Johnson, et al., 2018). 
Figure 1.1: Energy resources by SADC member country. source (SADC,SARDC, 2016) 
1.3.2 Electricity supply in the SADC region 
The electricity sector in the SADC region has had great regional cooperation advancement. It 
attaches the significant importance to all types of energy sources regardless of renewable or non -
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renewable. Achieving regional energy security in the SADC will involve a delicate balance 
between the national and regional interest. SADC member states tend to take silo route of attaining 
self-sufficiency rather than coopretaive effort that will see the region being self sustainable. Figure 
1.2  shows the percentage electricity access of each member state in the region with South Africa 
leading with the electrification rate of  85%  as of  2015 followed by Swaziland at 65%. Electricity 
access for Zambia is 63% less that of South Africa and 13% less that of the SADC average 
electricity access in the region as shown in Figure 1.2 at 35% 
Figure 1.2: SADC Regional Electricity access source (SADC,SARDC, 2016)
1.3.3 Renewable Energy in SADC and RE Targets 
According to the Revised Indicative Strategic Development Plan (RISDP), energy is one of the 
key drivers of economic growth and the plan establishes an implementation framework for the 
2015-2020 period. Other countries such as South Africa have the RE targets set at 10,000 GWh 
by 2013 and 17,800MW by 2030, while Namibia have extended its set target of 10% by the 
2011.Mauritius gives a clearly cut breakdown of the targets in each RE resource by 2025 (17% 
bagasse, 8% Wind, 4%waste, 2% solar, and 2% Geothermal). Looking at the trend in the national 
policies, there is need for policy harmonization. For instance countries like DRC, Lesotho, Malawi 
and Zambia can strategically align to the regional and international best practices to enhance the 
RE policy development. This study aims at achieving plausible RE policy targets for Zambia as 
one of the outcomes using the ZASREP model RE targets, policies and complexity of the grid 




expansions have demonstrated the need for a proper review of policies for developing countries. 
RE target plans have become a defining feature of the global energy landscape. For example,as of 
mid-2015, about 164 countries around the world had adopted at least one type of RE target, 
reaching almost four times more from 43 countries in 2005 (Kieffer and Couture, 2015). All in 
all,developing and emerging economies have taken on a dominant role during the decade with 131 





Table 1.2 shows the RE instruments and summary of the RE targets in the SADC region, three 
countries Namibia, South Africa and Zambia have national policies on energy while Mauritius, 
South Africa and Zambia have renewable energy strategies in place. Mauritius is the only member 
country with an existing RE master plan and a clearly defined RE target in promoting energy 
security. Despite Zambia having 4 out of the 5 RE instruments, the country does not have a set RE 
targets. Nonetheless, it is envisioned that once the uptake of RE in the region increases the share 
of RE mix on the energy mix would rise to 32% by 2020 and 35% by 2030. Also, an assessment 
carried out by the Southern African IRENA indicated that the share of RETs in the electricity 
production for the region would increase from 10% to 46% by 2030 provided that the cost of the 
technology continues to decrease and fossil prices continue to increase. Other countries such as 
South Africa have the RE targets set at 10,000 GWh by 2013 and 17,800MW by 2030, while 
Namibia have extended its set target of 10% by the 2011.Mauritius gives a clearly cut breakdown 
of the targets in each RE resource by 2025 (17% bagasse, 8% Wind, 4%waste, 2% solar, and 2% 
Geothermal). Looking at the trend in the national policies, there is need for policy harmonization. 
For instance countries like DRC, Lesotho, Malawi and Zambia can strategically align to the 
regional and international best practices to enhance the RE policy development. This study aims 
at achieving plausible RE policy targets for Zambia as one of the outcomes using the ZASREP 
model RE targets, policies and complexity of the grid expansions have demonstrated the need for 
a proper review of policies for developing countries. RE target plans have become a defining 
feature of the global energy landscape. For example,as of mid-2015, about 164 countries around 
the world had adopted at least one type of RE target, reaching almost four times more from 43 
countries in 2005 (Kieffer and Couture, 2015). All in all,developing and emerging economies have 





Table 1.2:Renewable Energy Instruments and Targets in SADC compiled  from (SADC,SARDC, 2016; ECA-SA, 
2006)  













Integration of RE in 
Rural Electrification  
RE Target 
Angola ü  
 
 
    
Botswana ü  ü   
  
ü  1% of Finial Energy 
DRC ü  
 
 
   
Non- RE 
Lesotho ü  
 
 
   
Non -RE 
Madagascar ü  
 
 
   
10% of Generation by 
2019 
Malawi ü  
 
 
   
6 % in Energy mix by 
2030 from 1% 
Mauritius ü  ü   ü  ü  
 
35% from RE by 
2025 
17% bagasse 
8% wind  
4% waste  
2% solar, 








Solar - 597 MW  
Hydro- 5.4 GW 
Namibia ü   ü    ü  10% by 2011 
(extended) 
Seychelles ü       5% by 2020 ,15% by 
2030 
South Africa  
 
ü  ü  ü  ü    17,800GWh by 2030 
Revised IRP 
Tanzania  ü      ü  2000 GWh by 2020 
Zambia  ü  ü  ü  ü   ü  No Target  
Zimbabwe ü  ü     ü  300 MW added by 
2020  




Clearly, policy analysis in any country can be used as an important means to restructure the system 
of implementation and deployment of RE, as well as to increase competition among different 
service providers, and to increase electrification levels or to control the number of private partner 
participation (Jeong, 2017). It is widely believed that having access to RE policies coupled with 
proper targets, affords countries with social and economic benefits (Ershad, 2017; Kieffer and 
Couture, 2015). However, it is worthwhile to point out that the populace in developing and 
emerging countries, especially those in rural areas have minimal or no access to electricity due to 
the cost and policies related to electrification in rural areas. Therefore, a clear formulation of a 
Zambia Sustainable RE Policies (ZASREP) model that will promote RE growth in both rural and 
urban areas is required. ZASREP plans may also play a critical role in speeding up the 
implementation and investment in RE by government, citizens and independent power producer. 
ZASREP analysis using system dynamics and taken in context of social, environmental and 
economic development can eventually lead to poverty alleviation through making electrification 
more affordable and by facilitating speedy and secure installations in the country. Indeed, better 
policy plannning can increase the efficiency of economic, social, and environmental activities, 
they can also improve the effectiveness of electrification, and distribute the social, cultural and 
economic benefits of the process of development more even-handedly throughout the country. 
Thus, ZASREP aims at providing an analysis of the impact of RE policies to the imported energy 
dependency and system security in the country. 
According to research organized by the European Commission and International Renewable 
Energy Agency (IRENA), the Renewable Energy Policy Network for the 21 st Century (REN21), 
the Syndicate for Renewable Energy of France (SER) and the United Arab Emirates (UAE) 
ministry of foreign affairs indicate that RE targets can take a variety of forms and are often lodged 
into governmental RE action plans, integrated sector-level resource plans, or broader governmental 
development goals. RE target setting presents a worldwide picture of the diversity of renewable 
energy targets and brings together insights from a wide range of countries from a policy-design 
panorama (Kieffer and Couture, 2015). Figure 1.3 shows the 2015 global map of the national 
renewable energy targets of all types, deduced from this map is the Sub-Saharan region1, while 
 
1 Sub-Saharan is interchangeably used with southern African developing countries (SADC) in this study 
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most of the countries in the region have at least one target of RE, Zambia exhibits a lag with clearly 
no set targets as compared to South Africa  which has one or more set target in the region. 
 
Figure 1.3: Global Map for National RE Targets of All Types, source (Kieffer & Couture, 2015) 
This research seeks to address the dependence and energy security of the country using system 
dynamics. It attempts to address the low deployment and implementation levels of the alternative 
renewable energy  in Zambia, even with conscientious efforts by government to achieve energy 
for all. It establishes the main reason as to why successful implementation of renewable energy 
policies in developing countries is still in its embryonic stage, even after decades of research and 
development. As a parallel comparison, the research benchmarks itself to the SADC region. 
Furthermore, using system dynamics, this research provides an analysis of interactions amongst 
different energy sectors. The interactions are modelled in line with fundamental principles that are 
driven by; economic, social and environment that govern the sustainability of renewable energy 
development. It determines, through system dynamics, the conflicting cooperation between the 
actors (independent power producers, consumers and stakeholders) involved in or affected by 
energy policy decision processes in Zambia. It is envisioned that, policies that aim at leap frogging 
energy services, with particular attention to renewable energy, in a sustainable way open door to 
the success of a wide disposition of other development plans. It is widely believed that promotion 
of better energy renewable policies coupled with proper renewable targets affords countries to 
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increase the deployment and implementation of RE. It is for the reason above that a clear 
formulation of sustainable policy solutions that will promote the implementation and deployment 
of RE in rural and urban areas is required, i.e. if countries are to achieve the objectives of energy 
for all by 2030, (MNDP, 2017).  The formulation of policies taken in context of social, 
environment and economic development, as well as proper policy analysis may play a critical role 
in speeding up the deployment of RE and providing the necesaary linkage between government, 
citizens and independent power producers (IPPs). This may eventually lead to increased 
electrification levels through making RE more deployable as well as facilitating speedy and secure 
economic growth. Arguably, while better policy can increase the efficiency of economic, social, 
and environment activities, they can also improve the effectiveness of other sectors (such as health 
and education) that depend on energy.   
Within this crux of promoting energy for all, in 2015, the United Nations (UN) member states 
espoused a set of Sustainable Development (SD) goals to be accomplished by 2030. Of particular 
importance to this discourse and in line with our study, is  fact that the UN emphasized that local 
municipalities should use their recommendations and collate their policies to regional and global 
peers in an effort to meet these SD goals. Indeed, SD goals provide an assurance of cheap, reliable, 
sustainable and modern energy for all people (Naidoo, 2017). Voicing out, rather crudely, Gannt, 
(2003) asserts that, not only is energy development in a country a single organisation drive, but 
various actors such as international organizations, local government and internal development 
agencies also have interest, goals and priorities, dressed by social and economic factors, in energy 
development. He elaborates that an approach of multi-criteria decision and objectives must be 
considered when dealing with energy deployment in rural parts of developing nations.These 
multiple objectives often confuse the policies, perception and optimization of electrification 
(Gannt, 2003). Therefore, the call to “energy for all” cannot be over emphasized without the call 
to transition from the conventional form of energy to alternative renewable energy. Over the past 
decade, this call to alternative forms of renewable energy has been attributed as the best option to 
eradicate the energy deficit as well as climatic change being faced by the continent (AFP, 2017). 
But undertaking such a mammoth task, of developing renewable energies, favorable and conducive 
policies have to be in place to support the transition in the energy sector. However, as long as 
dedication to managing energy is left to operate on an unofficial or ad hoc basis, or its impact 
lessened by changes in government, it can cause perturbation (IEMTC, n.d.).  
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Literature has shown that, a country’s commitment to renewable energy policy formulation is an 
essential component of any successful implementation and deployment strategy. On that point, 
one has to state that there is a need to analyse the energy policies in the Zambian energy sector and 
compare with the polices of some of countries with success stories in policy implementation in the 
continent of Africa e.g. South Africa. This is of great importance as to allow for in-depth search 
of gaps and silos that could have contributed to lower energy participation by all stake holders in 
Zambia. This is the basis for this research. Also, the analysis of the Zambian policies using system 
dynamics shall not only provide a basis but a benchmark for stakeholder’s commitment to energy 
management as well as a viable document to guide the energy management practices and to 
provide continuity in successful ways in terms of deployment and implementation of policies in 
the country. 
1.4 Problem Statement and Research Questions  
1.4.1 Problem Statement 
Over past few years, there has been growing interest in Zambia regarding access and use of energy 
for socio-economic development and these include alternative renewable energy usage. According 
to the Seventh National Development plan (7NDP), most Zambian people, especially those in rural 
areas and other disadvantaged parts of the country, have very  minimal access to electrification. 
This hinders them from utilizing the opportunities offered by electrification (MNDP, 2017). The 
main barriers to electrification access relate to the high cost of grid electricity, climate problems, 
the lack of technical skills to support maintenance and low number of alternative renewable energy 
installations across the country (Gannt, 2003). This perspective is shared by Jeong (Jeong, 2017) 
who makes the analysis on why new types of renewable energy policies have been introduced and 
states that “multiple possible reasons of the rise of these non-traditional renewable energy policies 
can be suggested. First, it can be argued that there is an inherent conflict between renewable 
energy supports and the global trade regime”.  
In this sense, the central research question of this study is: How has national renewable energy 
policies changed renewable energy industry in developing countries? The previous studies focused 
either on energy policies as a whole or on how a singular policy direction was extracted for 
assessment. This research investigates the impact of change in the national policy implementation 
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in order to find the necessary gaps and silos that need to be filled. We must state herein that, 
national renewable energy policies will refer to both traditional and non-traditional renewable 
energy policies in this research.  
Much as the formulation and evaluation of renewable energy policies is a burning subject matter 
all over the world, the current energy policy approaches in Zambia does not provide a 
comprehensive view in generating and making choices for RE policy analysis and practices. 
Therefore, to ensure effective implementation and adoption of appropriate sustainable policies 
SREP formulation is very vital for a 100% penetration of renewable energy in a country. Zambia 
as a country has had many challenges concerning energy management. The challenges with regard 
to energy access in the nation have had a profound effect on the energy driven socio-economic 
development of the country. The Zambian energy sector, as a whole, has had challenges in 
maintaining the load balance and grid-electrification between the rural and urban areas since the 
onset of drought and upgrading of the generation plants. The rural areas have faced a lot of energy 
driven challenges due to their insignificance in the economic and development growth of the 
country. The challenges have metastasized due to lack of increased generation capacity as well as 
post irregularities mushrooming from delayed constructions. Furthermore, challenges arose due to 
the delayed expansion of generation capacity coupled with a complex series of climatic changes 
causing low water levels in the Kariba Dam. The low water level in the Kariba has led to a lot of 
energy crisis in the country. Reportedly, in October 2016 recorded water levels in the Kariba dam 
were around 24% as compared to 26% in 2015 levels showing a decrease of 2% (ZMM, 2017). 
The dynamics of energy challenges need to be urgently addressed because energy challenges have 
a symbiotic effect on the social and economic development of the country. To attest to this the 
energy sector report of 2015 on Zambia energy outlook clearly states so (ERB, 2015). 
“The electricity sub-sector faced a number of challenges. In particular, there was a substantial 
shortfall in supply of electricity that was exacerbated by a reduction in hydro electricity generation 
due to poor rainfall experienced during the period 2014/2015 rainy season. This increased power 
outage which impacted on all aspects of the economy there by contributing to slower economic 
growth and higher production costs”. 
Similar sentiments have been echoed by different groups within the country. For instance, the 
Lusaka times puts it plainly to say …. 
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 “Zambia currently faces a huge energy deficit although the country boasts of huge potential to 
explore alternative sources such as renewable energy to meet the gap. Zambia’s power deficit is 
estimated at 560 megawatts and the country is now relying on the importation of power to cushion 
the electricity shortage that has hit the country substantially (LT, 2016)”. 
In order to address these energy challenges, good policy framework is necessary if Zambia is to 
implement sustainable renewable energy programs. Policy framework that will drive the 
participation of different stakeholders in Zambia is still at its lowest. In 2008, the Ministry of 
Energy and Water Development (MEWD), in a bid to increase the participation of stakeholders in 
the energy sector, revised the National Energy Policy (NEP) of 1994. The revised 2008 NEP 
offered a more cohesive and comprehensive approach to energy sector participation by different 
stake holders. For example, the revised NEP framework of 2008 offers more  
“Diversification of the country's energy mix through use of Renewable Energy and created 
conditions that ensure availability of adequate supply of energy from various sources which are 
dependable at lowest economic, financial, social and environmental costs consistent with national 
development goals” 
Although Zambia has shown progressive headways in averting the energy crisis, through revised 
policy framework, a lot has to be done in order to attract investments in the energy sector. 
Essentially, good policy alone cannot attract investments in the energy sector. It is worthwhile to 
state that social-political will is also necessary to patch the energy potholes that exist outside the 
boundaries of the energy policy framework of the country.  On a positive, and something worth 
noting, Zambia has started experiencing a trickle of investors in the energy sector. This might be 
attributed to many factors such as civil societies and the government.  
For instance, “the civil society has been engaging various stakeholders around the power shortage 
under a project called “state of the economy”, with one of the clusters focusing on the energy crisis 
and its impact on the economy. This is under the auspices of the Civil Society Poverty Observatory 
Group, an alliance of civil society organizations working around issues of poverty and 
development with support from Oxfam” (LT, 2016) which has enabled the government of Zambia 
to recognize the need of investing in renewable as pointed out below: 
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“The government of Zambia is investing in renewable energy through a project aimed at promoting 
the transfer of renewable energy technology in achieving the objective of sustainable energy for 
all. Government has recognized the need for promoting renewable energy as clearly stated in the 
National Energy Policy of 2008”. Generally, the country has a low investment in diversified energy 
sources as can be seen in Figure 1.4, with only 0.003% installed capacity in renewable energy 
source.   
 
Figure 1.4: Zambia's Installed capacity (Europe Aid, 2016) 
Consequently, with the need for proper policies to cater for renewable energy deployment in 
Zambia, it is vital to model the dynamics of the energy sector as well as provide scenario analysis 
for the key players in various electricity generation sources using system dynamics. This approach 
will provide a casual relationship between the renewable energy, policies and its impact on the 
imported energy dependency and system security. 
Once an exporter of hydropower, Zambia is now grappling to meet its own energy needs, 
particularly, since the onset of drought, the country has faced challenges in maintaining the load 
balance between the rural and urban areas. Since the past decade, the electricity supply capacity 
of the country has not seen any significant growth. The deficit in the supply has mushroomed 
mainly due to the increased demand for electricity for domestic, commercial, agricultural, 
industrial, and mining use (MEWD, 2016). Similarly, Lusaka times indicates that: 
“ZESCO Limited, Zambia’s biggest power provider is projected to suffer a revenue loss of about 
of US$227 million as a result of the deficit. Other alternatives such as construction of hydro plants 













 Generally, the country’s rapid industrialization and urbanization, has had a local and global effect 
on the social and economic lifestyle of the Zambian people. These social and economic changes 
have led to an increase in demand for electricity in urban areas as compared to rural areas. The 
existing rural electrification level is very low, standing at less than 5%.   Efforts to correct the 
situation have been concentrated on the diversification of the energy mix so as a paradigm shift 
from the over dependence of grid connection to Nano-grid and Micro grids. Good energy policy 
reviews and analysis has shown largely to provide a solution to the deployment of RE and a 
mitigating factor to environmental concerns especially the Green House Gas (GHG) emissions 
(Winkler, 2006a; Aslani, et al., 2014).  
1.4.2 Research Questions  
This research seeks to analyses how the RE deployment will unfold by answering some of the vital 
questions on the Zambia energy policy such as: 
RQ1. What are the factors that determine renewable energy policy developments in 
Zambia? 
RQ2. What are the factors that determine renewable energy implementation and usage in 
Zambia? 
RQ3. How do these factors affect social and economic development in Zambia? 
RQ4. How can a system dynamics model be used to evaluate impact of renewable energy 
policies based on system thinking analysis and Policy instrument assessment be adopted 
for the ZASREP framework in Zambia?  
RQ5. How does “the policy instrument adopted” affect the renewable energy deployment 
in Zambia?   
 
1.5 Objectives of the research  
This research seeks to address the reasons why renewable energy usage and deployment in Zambia 
is still at its lowest, even with rigorous government policies. Furthermore, the research approach 
is to develop a sustainable renewable energy policy (ZASREP) model, based on system dynamics. 
In particular, the main concern is to show how policy affects the implementation and deployment 
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of renewable energy in a country. It proposes a ZASREP framework that will help both the 
independent power providers, consumers and government to maximize their benefits from the 
intended policies. Also this study will apply system dynamics to investigate the impact of RETs 
and policies under varying policy and target requirements. 
In summary, the basic hypothesis that this research addresses are: A policy model, with correct 
specific tangible targets allows for successful deployment and implementation of RE and makes 
the attainment of the objective of “energy access for all” more likely.  
The specific objectives are as follows:  
• To study the factors that affect renewable energy policy development and usage patterns 
in (developing countries) Zambia.  
• To study the factors affecting the renewable energy implementation and usage in Zambia.  
• To design a Sustainable Renewable Energy Policy (SREP) model using system dynamics 
model to evaluate policy instruments in Zambia.  
• To design a system dynamics model to evaluate renewable energy policies from an 
imported energy dependency and system security view point for Sustainable Renewable 
Energy Policy (ZASREP) in Zambia.  
1.6 Relevance of Research  
This research contributes to the literature on sustainable renewable energy policy and energy 
targets in Zambia, by analyzing a new phenomenon, the recent rise of energy plans and energy 
policies on renewable energy in developed and developing countries, which contribute to 
successful deployment and implementation of renewable energy. Previous research provides good 
understanding of current growth of renewable energy installation and expanding traditional 
renewable energy policies in many countries, but it was limited in explaining the consequences in 
thereof in developing countries. This research will also contribute to the literature on policies, 
setting renewable energy targets and electrification in Zambia which tends to exhibit gaps. Despite 
the rise in concern in energy deficit after the global climatic crisis, its context has been less 
understood. Thus, this research compliments the literature by analyzing a case of one of the policy 
reforms and  how it impacts the renewable energy deployment. The scenario analysis for the 
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sustainable renewable energy policy framework integrates the sustainable development goals by 
factoring in the economic, environmental and social aspects of the sector to align to increasing the 
security of energy supply. 
The findings of this research provide implications to the policymakers who design renewable 
energy policies. Unlike the past, it is difficult to predict the result of a renewable energy policy 
because diverse domestic and international factors affect the policy. Understanding these factors 
will be the first step to design an effective renewable energy policy and using system dynamic 
makes it easier for all the stakeholders to understand (Ershad, 2017). The findings of this research 
would be beneficial from this perspective. Moreover, based on the understanding of the contexts 
of globalized renewable energy industry, the research contributes to various, contextual 
suggestions about the direction of national or international renewable energy policy and tailor it to 
Zambia.  
In trying to promote renewable energy and electrification services, to the majority of population, 
by governments of developing countries, consistent symptoms of failure and need for improvement 
are often more clear. More seriously, these symptoms indicate a basic lack of understanding, 
regarding the nature and process of promoting renewable energy and electrification services in 
rural areas (Winkler, 2006a). Essentially, renewable energy and electrification services provision 
in rural areas requires an understanding of policy frameworks that will lead to workable 
implementation models in rural areas.  
This research proposes a Zambia sustainable renewable energy policy (ZASREP) framework 
model for the promotion of renewable energy using system analysis and system dynamics to 
evaluate the model. A better understanding of energy policies and implementation models could 
assist many developing countries to reach a global optimal instead of local sub-optimal in their 
quest to promote renewable energy and electrification services. The designed models, ZASREP, 
Solar dynamic model using system dynamics and the questionnaire analysis using statistical tools 
such as Epidata and STATA provide a strategic policy study for the system security and 




In the research,  various estabilished and acknowledged research methodologies such as  mixed 
method approach was used, quantitative and qualitative analysis was conducted. All in all, 600 
questionnaires were distributed in different four towns of  Zambia namely, Kitwe, Luanshya, 
Lusaka and Ndola, of which 591 were returned and answered. Questionnaire were entered using 
the double entries method and analysis was done using Epidata. This was done to rule out the 
errors during data capture. After validation the entries where then exported to STATA for data 
cleaning. This gave confidence that the analysis was based on correctly captured information from 
the respondents.  
The system dynamics model was designed using Vensim PLE as a tool for analysis, the closed 
loop diagram  and 7 stock flow diagram was used in the analysis process with various scenarios 
analyzed for the impact of RE policies on the imported energy dependency in Zambia. Selection 
of the scenarios was based on the expert view and extensive literature reviews conducted on the 
country. 
1.8 Research Design 
The strategy for the research and scope employed in this research is presented in Error! Reference 
source not found.. The research strategy is proceeding from particular facts to general conclusion 
and this makes it easy for the researcher to align intended path based on the finding. This approach 
is called as an inductive approach. An inductive approach is an approach that develops a theory or 
way of thinking based on the results of the data analysis. It comprises the analysis and review of 
past studies on the components of a systems approach to ZASREP analysis. The purpose of this 
research was to understand the builtin properties of the components and their synergy in 
connection to developing an improved ZASREP framework. In summing up, a critical review of 
the RE policy for sustainability with a specific focus on the approaches used in Southern African 
Development Community  (SADC) region and relating them to Zambia is provided. The 
application of the developed causal loop is focused on the impact of RE policy on the imported 
energy dependency, energy system security and on the energy deployment in Zambia. The intent 
was to understand the extent of achieving sustainability goals for developing renewable energy 
resources (RERs) and attaining 100% renewable for the country as well as RE targets. This 
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research further acknowledges the acclaimed fuzziness and obscurity in the concept of sustainable 
development. However, it does not surround discussions on the whole debate around the concept. 
The focus is not on developing new indicators for renewable energy policy sustainability, but 
exploring the grounds for using selected indicators in the ZASREP framework. In summary, this 
research does not deal with individual sources of RE details for policy analysis, but rather will 
include mention of the alternative RE capacity plans and how they affect the imported energy 
dependency and system security of the country. In this research, the level of detail was neither 
relevant, nor required in the level of resolution in the modelling in system dynamics. Finally, the 
research is limited to consultative trans-disciplinarity where even non –scientist where contacted 
to respond to the work carried out.Thus the engagement of a statistician in the design of the 
questionnaires. The modelling of the system dynamics was to achieve an indepth knowledge and 




Figure 1.5: General Overview Of Research Strategy 
This research is based on System Dynamics (SD) analysis and Vensim PLE was used as a tool for 
analysis. SD provides a platform for system thinking to study behavioural pattern and outcomes 
of complex systems in which variables are intertwined in a feedback loop. It combines the theory, 
methods and philosophies need to analyse behaviour of systems within the contextuality of 
environmental changes, politics, economic behaviour as opposed to management only (Sterman, 
2000; Wolfgang, Hu, & Leopold, 2013). Studies show that models give a simplified version of a 
real world system and useful tools to aid learning about associations of structures to the real world. 
According to Sterman, (2000), SD uses both cognitive maps, such as casual loop diagrams and 
simulation models. The simulation models, mathematical representations are combined with 
interfaces that make the assumption about casaualities unique. Mathematically SD model comprise 
38 
 
of series of integrals mostly referred to as stock or accumulations and derivatives reffered to as 
flows (Forrester, 1971) (Sterman, 2000; Ford, 2009).  
The model is influenced by various variables categorised by tripple EEE (Exogeneous, 
Endogeneous and Exclude). Exogeneous variables are variables given outside the model wheresas 
the endogeneous are variables that are derived from the model e.g the energy demad projection. 
Exclude variables are variables that are not included in the model. 
Essentially, SD provides a potential method for decision support and has been used in studies to 
analyse policies for nations (Sterman, 2000). It provides a platform to analyse the future with help 
of specific scenarios. SD provides an interactive communication within the modelling process and 
makes the modelling process transparent and intuitive. 
A critical review of RE policies of both developing and developed countries was done to provide 
primary information and guided input to the model as shown in Figure 1.6. Consultations with 
experts from ZESCO, REA, MWED, ERB with a visit to NEPAD offices were conducted. 
Secondary information was obtained from many official reports and websites including but not 
limited to ECA,United Nations,World Bank, SADC, ZESCO, ERB and REA. 
 
 
Figure 1.6: Model conceptualisation guiding process adopted from the system dynamics stages
As a point of departure, energy policy analysis requires an intricate and multifaceted evaluation in 
order to take into account different sustainability indicators. This intricate and multifaceted 
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statement by stating that system dynamics is among the methods that can be used in energy 
assessment.  Rogge and Richardt after highlighting the complexity and dynamics of policy mix for 
sustainable transition also recommend the usage of system dynamics in modelling and analyzing 
the impact of policy and renewable energy development (Musango, 2012; Rogge and Reichardt, 
2016). The main benefit of using it for policy analysis is the increased realism in the analysis itself 
as modelling the system that produces this complex behavior with system dynamics may improve 
the accuracy of policy formulation. Another advantage of using system dynamics is its flexibility 
in defining complex feedback systems and separate stochastic effects, which is quite beneficial in 
dealing with multiple and potentially interacting sources of uncertainty (Musango, 2012). As a 
result, system dynamics provides a clear understanding into the drivers of the effects of strategic 
action. From a technology sustainability assessment perspective, Musango indicates that system 
dynamics recognizes sustainability as a whole systems concept concerned with human activities 
in the context of naturally occurring systems that provide the sources and sinks for the flows of 
materials and energy associated with them. Some studies have also recognized system dynamics 
modelling as an essential tool and well suited in transdisciplinary research (Musango, 2012). 
System dynamics modelling is not only useful in simplifying and integrating various aspects of a 
complex problem, but also smooth communication and provides insight between scientific, non-
scientific and management actors. In this view, system dynamics approach can be deemed suitable 
for this analysis because it provides a means to explore the complexity and dynamics involved in 
ZASREP analysis, deployment and implementation of RE.   
 




Figure 1.7: Research Paradigm Summary 
1.9 Body of the Research Report   
Most chapters in this thesis are stand-alone. For easy understanding, each chapter in this thesis can 
be read alone, but it would be advisable for the reader to follow the outline as presented in this 
thesis.  
Chapter 1- Introduction: The  introduction investigates the exisitng policies in the SADC region 
in comparison to the Zambian policies.This section provides the reader with an overview of the 
renewable energy status in the country.This will also provide an overview of  the  relevance of the 
study, research problem statement,objectives,research approach,research queston and design. 
Chapter 2 – Literature Review: This section  presents an overview of energy policies in Zambia, 
the main problem to be fed in the system dynamic model. It reviews the renewable energy policy 
used in electrification. Focuses on the policies and regulation concerning renewable energy 
deployment and implementation. Source of the Literature analaysed and evaluated was sourced 
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from books, journal articles,conference articles,white papers,questionnaire interview and online 
resources.This resulted in two (2) conference papers SAUPEC and ISEM conferences. 
 Chapter 3-Literature and Renewable Energy in the SADC  Region: This chapter investigates 
and analyse a parallel comparison between the two countries, Zambia and South Africa’s 
renewable energy development, is drawn with emphasis on the state the  SADC region.The role of 
renewable energy in regional and national energy diversification: sustainable assessment of 
electricity sector of SADC member states. The sustainable assesment of SADC countries following 
the 4Eas.This resulted in publishable conference paper in the 2nd REPE IEEE conference in 
Toronto,Canada. 
Chapter 4- Design Process of the ZASREP System Dynamics Model: This  chapter focuses on 
system dynamics as the tool for analysis of ZASREP framework, the methodology of case studies 
carried out in Zambia and gives  details to modeling of ZASREP based on the security and 
dependency. An analysis and evaluation on effect of subsidy, initial feed in tariff  on solar PV 
implemetation. This resulted into a publishable conference/journal paper. 
Chapter 5- Renewable Energy Policy and the Future of Imported Energy Dependency in      
Zambia: This chapter  provides the reader with an understanding of the simulation results on 
policies that are currently in use and provides an insight on the impact of energy deployment and 
implementation in rural areas.The model validation,model structure and development. This 
resulted into a publishable conference/journal paper. 
 Chapter 6- Techno-economic Analysis of Future Electricity Generation Fuel Mix from 
Renewable Energy Sources in  Zambia: This chapter  evaluates a yearly energy demand 
projection and existing generation to simulate the future renewable energy generation mix for 
Zambia taking into account the availability of RESs and the characteristics of technologies. System 
dynamics was used for simulation of various  scenarios based on the technology characteristics 
and projected energy demand conditions to find the best new renewable energy generation mix 
configuration that will be able to meet the future energy demand with increased diversification 
levels in the country.  This resulted into a conference paper. 
Chapter 7- Conclusion and Recommendation: The chapter provides a systematic analysis of the 
impact of the new renewable energy technology on the imported energy dependency and system 
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security in Zambia. A closed loop and system dynamic model for the Zambia sustainable 
renewable energy policy-ZASREP was modelled and steps highlighted to reveal the dynamic 
factors between the energy policy formulation, system security and the deployment of RETs. It  
concludes the study with recommendations for future research work.  
Bibliography: This section will comprise of all reference materials used during the research 
process. 
Appendices: This section will consist of supporting samples,conference and journal papers during 
the research. 




2 LITERATURE REVIEW 
2.1  Introduction 
 “The goal; to defeat poverty and save the planet, we can, and must achieve sustainable energy for all by the year 
2030. Reaching this goal will require action by all countries and all sectors to shape the policy and investment 
decisions needed for a brighter energy future. Industrialised countries must accelerate the transition to low –emission 
technologies.Developing countries,many of them growing rapidly and at a large scale, have the opportunity to 
leapfrog conventional energy options in favour of cleaner energy alternatives that will drive growth and enhance 
economic and social development”. Ban Ki-moon- Secretary General of the United Nations  (Ki-moon, 2011) 
2.2 Energy Policy Trend in Zambia 
Zambia is faced with an ever-increasing energy crisis. The problem has, over the years, increased 
due to lack of skilled manpower, defective policy, financial constraints coupled with the 
deterioration of energy infrastructure. The results are those of unreliable supply of energy to the 
end users (Iwayeni, 2011). In line with energy and sustainable development, Iwayeni, (Iwayeni, 
2011), in the paper “sustainable development in Africa” submits that the regional energy 
constraint, inclusive of Zambia, has been exacerbated by difficult economic and social conditions 
that have inhibited the energy growth in Africa. Such conditions, in Africa, can broadly be defined 
as low income per capita, high levels of poverty, stagnated or slow economic growth, stagnation 
or declining investments, weak, though improving, domestic economic conditions, social 
engagement and compromised governance companies or parastatals in charge of energy. 
Underpinned by the same conditions, it is indispensable to state that Zambia is no exception to 
such energy constraints and in particular the renewable energy sector. The renewable energy sector 
in Zambia suffers from low penetration due to low private sector participation that has been 
inhibited by non-cost reflective tariffs coupled with lack of all-inclusive and participative energy-
specific-driven-policy in the implementation of renewable energy technology. To that effect, the 
review and investigation of Zambia’s energy policies in the country is critical, to the understanding 
of the past and current status of how energy policies have contributed to the diffusion or non-
diffusion of renewable energy. We must make mention here that although the country’s existing 
energy policies have been reviewed over the past years; there has been no serious all-together drive 
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in terms of diversifying the renewable energy development. It is worth noting, at this point, that 
the energy policies have, primarily, focused more on grid-hydro expansion and little-to-nothing on 
other forms of renewable energy technologies (Haanyika, 2008). However, and still in its nascent 
stages, we must make mention of the fact that there have been some concerted efforts towards the 
diversification of renewable energy technologies in the past few years. Literature actually points 
to the fact that, based on tentative evidence, over the past years there has been some participation 
of other forms of energy technologies that are now contributing to the energy mix, and energy 
transformation in Zambia (ERB, 2017). To begin with, the energy transformation, driven by 
policies, began in 2016. In fact, the year 2016 showed a significant attainment of 17.3% increase 
in the electricity generation capacity from 2,411 in 2015 to 2,827 MW. The increase was attributed, 
partly, due to the commissioning of the Maamba and Itezhi–tezhi power plant with a generational 
capacity of 300 and 120 MW respectively. Also, the energy regulation board (ERB) through the 
rural electrification project commissioned 3 solar projects, 7 grid extensions which contributed to 
the energy sector (ERB, 2017). Bassanini, Scarpetta, and Hemmings (Bassanini, et al., 2001), on 
one hand, have shown that good policy formulation can lead to growth in social and economic 
standing of the country. Defective policy on the other hand can have a major drawback on the 
country. Specifically, based on arguments put forward by Bassanini, Scarpetta, and Hemmings 
(Bassanini, et al., 2001),the country’s development path can retard and sometimes even stagnate. 
2.3 Zambia’ s Renewable Energy Odyssey 
2.3.1 Perspectives  
Despite the increase in the generation capacity, Zambia still experiences, and will experience,   
serious electricity supply challenges due to economic growth in the past few years. Sadly, an 
increase in the economic activities of the country has caused energy skewness between the demand 
side (usage side) and the supply side (generation capacity). While economic growth had had a 
significant increase on electricity deficit, other factors such as rising energy demand fueled by 
population growth has contributed significantly to the electricity deficit. For instance, the rapid 
population growth is estimated to grow from 16.2 million in 2017 to 23.5 million by 2030. 
Statistical projections show that the population in rural areas is much more likely to grow from 8.2 
million in 2011 to 10.1 million by 2030, while in the urban area the growth is much more likely to 
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grow from 5.6 million to 12.4 million ( CSO, 2013; MNDP, 2017; Silwamba and Jalasi, 2017)(see 
Error! Reference source not found.). Thus, the increase in population will continue to cause, in 
significant proportions, a strain on the power capacity, which is already below the required 
threshold.  Despite all these factors, the most severe of them all, that has contributed heavily to 
unmatched supply and demand of power, is the low water levels in the Kariba hydro dam caused 
by drought (see Figure 2.1). The low water levels in the Kariba have had a cancellation effect on 
the generation capacity, as any increase in the generation capacity (in this context driven by new 
power stations) of the country was outplayed by low power output from the Kariba (Zambia’s 
main hydro power source). 
 
Figure 2.1: Zambia hydro loss risk Reproduced with permission from Isciences, L.L.C “Zambia Hydro Loss Risk.,” 
[Digital image] 3 May 2016. 
Due to low water levels, hydro generation accounted for 84.5% in 2016 from 94.1% in 2015 as 
shown Figure 2.1 (ERB, 2017). The effect of such has been socially and economically unbearable. 
For instance, as of March 2016, generation losses were projected at nearly 80% and were still 
increasing (Isciences, 2016). In October 2016, the water level measurements recorded were 24%, 
just 2 % less as compared to the 26% recorded in 2015 (ZMM, 2017). As such, Zambia is still 
facing severe energy crisis that has resulted in power outages of about 8 to 12 hours a day in urban 
areas and to no electricity at all in most of rural areas (Silwamba & Jalasi, 2017; Owen, 2016; 
MNDP, 2017). 
With not so much drive in the development for other forms of renewable energies the electricity 
sector will continue to suffer deficit and constraint in the energy sector due to over dependence on 
the hydro power that is dependent on the climatic conditions (see 
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). The climatic 
conditions have had severe effect on electrical power availability in the country resulting in 8 to 
12 hours of no power per day and a subsequent increase of 178.26% in power imports of about 
785.2 GWh to 2,185 GWh from neighboring countries (ERB, 2017; IRENA, 2017) 
 
Figure 2.2: Zambia installed power generation capacity by technology,adapted from (ERB, 2017). 
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AREA 2011 2020 Annual Rate Population Growth, 2011-2020 
Rural 8,155,510 10,132,811 2.2 
Urban 5,563,212 7,752,611 3.4 
Zambia 13,718,722 17,885,422 2.7 
Source: Extracted from Zambia population and demographic projections 2011-2035,adapted from CSO, 2013 
 
 
Figure 2.3: Gross electricity generation (GWh), Zambia,1982-2008 adapted from  Climatescope,” 2016 
2.3.2 National Installed Power Generation Capacity 
The national energy (electrical) has reduced by 13%, from 13,440GWh recorded in 2015 to 
11,696GWh in 2016.  Figure 2.4 shows the trend in the national electricity generation as from 
2013-2016. The total installed energy or generation capacity has been decreasing and the futuristic 
view of the energy system in Zambia is that it will probably continue to decrease if diversifications 




































































Figure 2.4: Trend in the national electricity generation, 2013-2016 adapted from(ERB, 2017) 
2.3.3 Sectorial National Electricity Consumption  
Electricity consumption has been on the increase as the economy of the country continues to grow. 
The mining sector continues to be the major consumer of electrical energy at 54.5% in Zambia. 
Other sectors such as quarries and domestic usage tally behind with electricity consumption figures 
standing at 4.6% and 31.2% respectively. On one hand, Error! Reference source not found. 
shows the consumption of energy by each sector in Zambia (CSO, 2013; CSO, 2016; MNDP5 
2017; MNDP, 2017),while on the other hand, Error! Reference source not found.6 shows 
consumption trend in which electricity consumption has been increasing year after year. 
 
Figure 2. 5: Percentage of total electricity consumption by sector, 2016 adapted from(ERB, 2017) 
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Figure 2.6: Comparison of National Electricity Consumption, 2015-2016 adapted from(ERB, 2017) 
2.4 Key Players in The Energy Sector of Zambia 
One of the players, and probably the most influential one in the energy sector of Zambia, is the 
Ministry of Energy and water development (MEWD). MEWD formulates all policy matters in 
consultation with other energy organizations such as the energy regulation board (ERB) and the 
rural electrifications authority (REA). The ERB was enacted under the 1995 energy regulation act 
and in 1997 became a fully functional organization (MEWD, 2016; ERB, 2017). The ERB’s 
mandate is to ensure the fully licensing of all energy utilities and to some extent and under 
ministerial consultation approve the energy tariffs of the country. Also, the ERB, in partnership 
with Zambian Competition Commission (ZCC), monitors the economics and price competition 
among different energy utilities especially with the advent of independent power producers (IPPs) 
and licensed petroleum companies. The REA, another organization under the MEWD, is mandated 
to oversee, under subsidy driven conditions, the rural electrification of Zambia. Apart from the 
policy and regulatory drivers in the country, the energy sector has other stakeholders that drive the 
development of electricity in Zambia. These are the generation and distribution companies that 
oversee that electric energy reaches the masses of Zambia- both in rural and urban areas. This 
sector includes the government owned utility provider the Zambia Electricity and Supply 
corporation (ZESCO) and other IPPs such as the Ndola Energy Company Limited (NECL), the 
Lunsemfwa Hydro Power Company (LHPC), the Zengamina Power Limited (ZPL), the Itezhi-
Tezhi Corporation Limited, and the Maamba Collieries Limited that are involved in generation, 
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transmission and distribution of electric power in the country. Basically, ZESCO owns the majority 
of the shares in the electricity sector i.e. from generation, transmission to distribution of electricity 
across the country. ZESCO continues to be a state-owned and vertically integrated company, it 
operates the electricity generation, transmission and distribution of the country. Other IPPs such 
as Copperbelt Energy Corporation (CEC) receives the power from ZESCO and transmits to the 
rest of the Copperbelt mining industry. CEC supplies the mines, smelters and refineries through 
its own power transmission system. Since 2010, Lunsemfwa Hydro Power Company (LHPC) has 
been the only private power generator into the grid with 56 MW generational capacity. 
Zenagamina Hydro Power Company (ZHPC) runs a remote rural mini grid network in the North 
Western Province and the North West Energy Corporation distributes electricity to a rural mining 
community that is not on the ZESCO grid. The overview of the electricity sector base structure in 
2010 and 2016 is as shown figure 2.8. The Zambian power system is interconnected to the rest of 
the neighbouring countries like Democratic Republic of Congo (DRC) to the north and to the 
power systems of Namibia and Zimbabwe in the south. 
2.4.1 ZESCO and Electric Power Generation in Zambia 
ZESCO one of the state-owned parastatals drives the generation, transmission and distribution of 
electricity in Zambia. It consists of larger, medium, and small hydropower and diesel-based power 
plants. The electricity generation trend for ZESCO power plants in 2015-2016 are as shown in 
Error! Reference source not found. whereas Figure 2.8 illustrates an overview of the Zambian 
electricity power system adapted from ERB (2017). The generation supplied to grid from ZESCO 
larger hydropower plant increased from 2010 up to 2014. In the period of 2014-2016, however, 
the generation set out to the grid decreased due to poor rainfall pattern exhibited in 2014 to 2015 
rain season. Within the same year, however, ZESCO took rigorous power upgrades on some of 
their power plants so as to curtail the shortfalls. The growth in generation in the same period was 
mainly due to the expansion of some of the hydropower plants and commissioning of new 
hydropower plant in Shiwangandu district in 2014. 
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2.5 Strategies in Improving Electricity Access to Rural and Peri-Urban Areas 
Several policy strategies have been lined up into improving the electric energy access in Zambia. 
One of these is the recent seventh national energy plan released on July 2017. The primary function 
of the seventh national energy plan was to promote rural electrification through programs such as 
the rural electrification, driven by the REA, and the peri-urban low-cost tariffs. The main aim of 
these two programs was to promote rural development and to promote increased access of electric 
power to both rural and peri-urban users at a sustainable economic value (MNDP, 2017). 
2.6 Connectivity to Electricity 
Connectivity to the electric power or grid in Zambia is gradually increasing. Almost all the rural 
and urban areas are connected to the main grid. Whilst the rural areas have showed stagnated
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signs of connectivityh such as in 2010 and 2015, the urban areas have seen an exponential 
connection to the grid. The number of households connected to electric grid has increased by 4% 
in rural areas as compared to about 84% in the urban areas (see Figure 5.9) (CSO, 2016) 
  
Figure 5: Household Connectivity in (‘000) to Electricity by Rural/Urban, Zambia 2010 and 2015 adapted from 
(CSO, 2016) 
2.7 Total Installed Power Capacity 
In 2016, Zambia’s total installed power capacity stood at 2,827MW (ERB, 2017). The 
International Renewable Energy Agency (IRENA) reported that the 2016 installed power capacity 
based on renewable energy sources in Zambia stood at 2,436MW with hydropower contributing 
about 2,388.3MW. Even with such endowment in natural resources, capable of producing 
significant renewable energy systems in Zambia, the total national electricity generated, 
nonetheless, decreased from 13,440 GWh in 2015 to 11696 GWh in 2016. Accordingly, IRENA 
estimated that the total installed power capacity in Zambia with particular focus on renewable 
energy power for both the grid and the off grid stood at 3,100MW as of 2016 (ERB, 2017). Other 
non-renewable energy sources available in Zambia such as coal driven thermal plants contributes 
about 300MW, diesel-based power plants contribute about 88.6MW, and heavy fuel oil (HFO) 
contributes about 50MW (ERB, 2017).Generally, hydro power stations are categorized, by 
IRENA, based on the megawatt production (See Error! Reference source not found.). The Kariba 
power station is categorized as a large hydro power station and probably the most dependent on.  
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Table 2. 2: Generation by size of Hydro plant and other renewable sources in 2016 adapted from    
(Iwayeni, 2011) 
Source Classification Capacity 
Large Hydropower >10MW 2,364MW 
Medium Hydropower 1-10MW 24MW 
Small Hydropower <1MW 2MW 
Solar Energy  3MW 
Solar Photovoltaic  3MW 
Bioenergy  43MW 
Solid Biofuels And Renewable Waste  43MW 
Bagasse  43MW 
 
Figure 2. 10: Share of the Total National Grid Connected Installed Capacity, 2016 adapted from (ERB, 2017) 
2.8 Related Literature  
Several studies have shown that there is a correlation between good energy policy formulation and 
RE development and the country’s economic growth (IRENA, 2016b; Dogan, 2016; ECA, 2014). 
Strengthening policy and regulatory frameworks not only transforms energy systems but also has 
a trickle-down effect to meeting developmental goals in areas such as climate change and the 
country’s social and economic growth needs. Scaling up RE can generate new sources of growth, 
increase incomes, create jobs and improve the social and economic welfare of citizens (IRENA, 
2016b). As such, policy formulation is important for the development of energy technologies. 
Without good energy policies, it is difficult to identify the path that the country will take in 
mitigating its energy potholes. Research and development has pointed out a need for good energy 
policies in order to sustain a tangible energy growth path. For instance, (Hafezniaa, Aslania, 
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Anwarb, & Yousefj, 2017) put in motion the issue of energy policy formulation and argue that 
energy policy formulation must be region specific. The authors argue that formulating generalized 
energy policies does not achieve the intended outcome. In conclusion, the study argues that 
deliberate local or regional policy development, instead of global development, can result in much 
greater efficient policy outcomes (Hafezniaa, Aslania, Anwarb, & Yousefj, 2017). On similar 
footing as (Hafezniaa, Aslania, Anwarb, & Yousefj, 2017; Sakah, Diawuo, Katzenbach, & Gyamf, 
2017) reached depressing findings after reviewing the Renewable Energy Act of Ghana and the 
financing mechanisms, subsidies and other provisions within the Act. The study pointed out that 
despite Ghana having the required energy policies driven by the Renewable Energy Act, the 
aggregate contribution of the current RE system to the electricity generation was less than 1%. The 
study compared and analyzed this policy with similar policies of other countries using the 
strengths, weaknesses, opportunities and threats model (SWOT) to identify the successes and 
failures of RE policy implementation in Ghana. The study also analyzed the impact of RE policies 
on energy projects in Ghana. In their study, the authors argued that Ghana’s RE policies were not 
sufficient to meet or address the required RE developmental goals and to a lesser degree meet the 
set electricity energy generation targets. The authors attribute this unsatisfactory performance to a 
lack of coherence in the implementation of RE policies, low market drive, defective pricing policy 
regimes, slow grid expansion (exacerbated in some areas by poor funding support structures 
especially in the area of RE) and irregularities in RE development approaches. The study proposed 
measures to counter some of the problems. Some of the measures are that (i) “Ghana should 
comprehensively harmonize RE regulatory and fiscal policies with its domestic electricity pricing 
regime”, (ii) “market driven support schemes should be prioritized for cost effectiveness and 
minimum governmental influence” (Sakah, Diawuo, Katzenbach , & Gyamf, 2017). From a 
different angle, others argue that good energy policy formulation must be in line with three factors 
that define social acceptance theory namely the socio-political standing of the country, the 
community and market acceptance (World Bank, 2017; REEEP, 2012; REN21, 2015). Largely, 
social acceptance as a constraining factor, has been acknowledged by organizations such as the 
World Bank and supported to some degree by academic studies (World Bank, 2017; REEEP, 2012; 
REN21, 2015). For instance, these studies in four different areas investigated the causal 
relationship between social acceptance and technology acceptance, specifically in RE systems that 
are grid connected. Their studies (World Bank, 2017; REEEP, 2012; REN21, 2014) determined if 
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there is a causal relationship between social acceptance and RE technologies such as ground 
installed photovoltaic systems, biomass plants and wind turbines from a socio-scientific 
perspective. The authors investigated the necessary factors that are required to drive the public 
towards the usage of RE technologies dotted across the study areas. They showed that such a 
correlation could promote, in the broadest sense, the development of RE technologies and promote 
social-economic development (Zoellner, 2008). Others such as (Ozturk, 2010) reviewed the 
correlation between energy consumption and energy driven economic growth. The study 
concludes from a general perspective that there is no consensus on the existence of a causal 
relationship between energy or electricity consumption and economic growth (Ozturk, 2010). In a 
deliberate argument, some authors have suggested that it is possible to provide economic growth 
without any need for additional coal or nuclear driven energy technologies. This, as indicated by 
the authors, can be done through proper pricing and proper regulatory frameworks and of course 
the building up of low carbon emitting technologies such as RE technologies. Another study (Haas, 
2008) identified the necessity for rigorous rethinking processes for ensuring improved energy 
services, the welfare of humanity and improved quality of life. It suggested that energy services 
for economic growth could be provided on a sustainable level with less or minimal pollution. 
Similarly, a report done by Renewable Energy Policy Network for the 21st Century (REN21) also 
points out that RE development can sometimes, if not all the time, lead to economic growth 
(REN21, 2015). Table 2.3 highlights the authors, titles of their publications, emphasis identified 
as well as their conclusions. This table reflects the causal relationship between policy and energy 
development. 
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Table 2. 3: summary of related literature 
 
Author Year Title Emphasis and Model Conclusion 
Byrnes, Brown, Foster & 
Wagner (L. Byrnes, 2013) 
2013 “Australian renewable energy policy: Barriers and challenges” • Exist significant steps to encourage RE in Australia that promote lower-emission 
energy generation.  
• Key policy frameworks, incentives and regulatory environment which encompasses 
the renewable energy sector and presents a critical analysis of the barriers faced by 
the industry 
• current policy landscape, mature technologies which present the lowest 
investment risk at the expense of emerging options may present greater efficiency 
and emissions reduction gains. 
•  lack of support for emerging technologies delays their effective deployment and 
the accumulation of highly skilled human capital, until the medium to long term. 
Dornan & Shah [ (Shah, 2016.) 2016 “Energy policy, aid, and the development of renewable energy 
resources in small island developing states” 
•  promotion of renewable energy in the small island developing states (SIDS) is 
motivated by a desire to lessen dependence on fossil fuels  
•  strengthening the climate change negotiations. 
•  explores the interplay between the role of aid and energy policy in the development 
of renewable energy resources in SIDS.” 
 
• “Findings indicate that there is insufficient attention in the establishment of energy 
efficiency 
•  insufficient access to modern services and structures of renewable energy targets 
in SIDS. 
•  The problem indicates a strong economic case for such investment. 
Feurtey, Ilinca, Sakout & 
Saucier (É. Feurtey, 2016.) 
2016 “Institutional factors influencing strategic decision-making in 
energy policy; a case study of wind energy in France and 
Quebec (Canada) 
• the different institutional factors that influence a strategic wind energy decision-
making process through a comparative transnational study of Quebec (Canada) and 
France. 
• the future energy mix will depend on the relative influence of the institutional 
components identified. 
• In our opinion, key solutions to more sustainable policy,  
• “Research confirms that political choices are dynamic and vary with a change in 
the wind energy context, the balance of power between pressure groups, 
supranational influences, energy evaluation approaches and social acceptance.” 
Hafezniaa, Aslania, Anwarb & 
Yousefjamalic (Hafezniaa, 
Aslania, Anwarb , & Yousefj, 
2017) 
2017 “Analysis of the effectiveness of national renewable energy 
policies: A case of photovoltaic policies” 
• there exists a gap between achievements and targets. 
• the purpose of the present study was to analyze and evaluate the effectiveness of the 
equal national renewable energy policy in the different regions of a country.  
• Stated that national renewable energy development policies are formulated for the 
entire country equally, the outputs and achievements are different depending on the 
geographical characteristics, social and economic capabilities of the regions.” 
 
• “Findings indicate that an innovative framework is presented to categorize the 
government policies based on the geographical, technical and socio-economic 
indicators.  
• The research focuses on the idea that whether the codification of energy policies 
according to the local circumstances of each region can result in a greater 
efficiency of such policies”. 
Michalena & Angeon 
(Angeon, 2009) 
2009 “Local challenges in the promotion of renewable energy 
sources: The case of Crete” 
• “Stated that each municipality should possess a local plan for the planning of RE 
technologies 
•  the promotion strategy is set. RE integration procedure should actively involve 
some stakeholders as they constitute a decision-making level and the use of 
indicators such as natural resources, and friendly technologies to the environment as 
well as the rate of saving energy.” 
• “It is necessary both at a local and a national level to regularly assess the state of 
the current renewable energy policy.” 
Narayan & Doytch (S. Narayan 
and N. Doytch, 2017) 
  
2017 “An investigation of renewable and non-renewable energy 
consumption” 
• “RE has become the world's strategic choice to solve environmental pollution, 
address the energy crisis and achieve social sustainable development. 
•  The RE development and the existing RE regulation system in China, pointing out 
that the main problems restricting renewable energy development 
•  Stated institutional mechanisms and market factors and recommends China's 
regulatory policy path based on the forecasting of a RE developing model.” 
• “Analysis of the income panel for the period 1971 to 2011 shows that links 
between economic growth and energy consumption both expressed in per capita 
terms differed for renewables and non-renewables.  
• Renewables are mainly found to support the neutrality hypothesis. Only 
renewable totals in low and lower middle-income (LLMI) countries are found to 
drive economic growth and high-income (HI) panels.” 
Nikolaev & Konidari (A. 
Nikolaev and P. Konidari, 
2017) 
  
2017 “Development and assessment of renewable energy policy 
scenarios by 2030 for Bulgaria” 
• “stated that Bulgarian target needs to be consistent with the obligations of Bulgaria 
as an EU member state for the 2030 framework for climate and energy policies.  
• The target for Renewable Energy Sources (RES) by 2020 is to achieve 16% share 
of energy from RES in gross final energy consumption. 
•  Two research tools are used for this purpose, the modeling tool LEAP and the multi-
criteria evaluation method AMS.” 
• “identified as the most feasible level of ambition targets up to year 2030 for the 
Bulgarian renewable energy policy, after taking into consideration the national 
framework. 
•  The outcomes indicate that if the financial issues related to target groups and in 
concerned institutions are faced properly, Bulgaria will be able to accept more 
ambitious target compared to the current situation. 
Rostamia, Khoshnavab, Lamit 
& Streimikiened (R. Rostamia, 
2017) 
2017 “An overview of Afghanistan's trends toward renewable and 
sustainable energies” 
• “Renewable and sustainable energy is becoming more accepted and established 
having a decisive place in the energy system of the word due to ecologically 
responsive insight and a decrease in equipment expenses. 
•  This article attempts to review all possible renewable energy sources as a substitute 
to the current energy profile (coal, natural gas and petroleum) in Afghanistan.”  
• “Findings indicate that RE could offer the ultimate solution for Afghanistan in 
general and specifically for rural areas.  
• The study indicates a number of issues such as high upfront charges, the absence 
of providers, insufficient funding appliances and feeble indorsed and 
methodological capability overwhelm and affect the use of renewable energies 
and technologies in Afghanistan 
Young & Brans (Brans, 2017) 2017 “Analysis of factors affecting a shift in a local energy system 
towards 100% renewable energy community” 
• “The study explores factors that play a critical role in a shift of a local energy system 
towards a 100% renewable energy community by examining the case using a 
framework that highlights the role of key state and non-state actors (investors, local 
officials, citizens and policy entrepreneurs) and the role of the governance mode.” 
• “Findings indicate that although landscape conditions are favorable, especially for 
the wind and bioenergy factors in Germany, it is still insufficient for the outcome. 
•  It is concluded that the political and policy conditions in Germany encourage RE 
development and suggest that the outcome is the result of the integration of factors 
embedded in the governance mode and participation of local communities. 
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2.9 Policy Policy efforts and renewable energy development in Zambia. 
2.9.1 National Energy Policy Plans 
Over the decades and independence, the Zambian government has been trying to address the 
problem of low access to electricity through different policy plans. In the periods of 1964 to late 
1993, the country did not have any documented energy policies. After independence, three (3) 
national development plans were implemented. In line with the developmental requirements of the 
country, Zambia launched the First National Development Plan (FNDP) which was heralded as 
one of the best social and economic drivers of the country. However, this was abandoned in 1991 
for a more open market system ushered in by the introduction of a multiparty democracy. 
Regardless of the type of system introduced, it is imperative that national planning should still be 
made a priority in guiding the social and economic growth of the country and to an extent address 
key national needs. Failure to develop comprehensive national plans may result in a country with 
focused social and economic development with narrow sectional interests (MNDP, 2009). Some 
sectors of the country, which were key national development necessities, were not addressed. For 
example, the energy policy development plan of 2003 and its ensuing policy of May 2008, focused 
more strongly on the development of grid hydroelectricity than other forms of RE technologies. 
The development plans that Zambia initiated did not stop here. Several other national development 
plans such as the Poverty Reduction Strategy Paper (PRSP) which was implemented in the period 
of 2000 to 2001, Translational National Development Plan (TNDP) from 2002 to 2005, the Fifth 
National Development Plan (5NDP) from 2006 to 2010, the Sixth National Development Plan 
(SNDP) from 2010 to 2015, the Revised Sixth National Plan (R-SNDP) from 2015 to 2017 and 
the recently launched plan, the Seventh National Development Plan (7NDP) were implemented. 
2.9.2 National Energy Policy, 1994- 2008 
The First National Energy Plan (FNEP) was formulated in 1994 and revised in 2008. The revised 
2008 development plan, which was in theory underpinned by the Energy Policy and the subsequent 
policy of May 2008, put more emphasis on grid hydroelectricity compared to other RE 
technologies. The new policy set off the government’s objectives and plans of ensuring that energy 
was prioritized as one of the instruments in driving economic growth and reducing poverty. In 
principle, the new policy recognized the need for evaluating some of the developmental issues that 
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are energy connected or energy dependent. The thematic areas which were to be followed in this 
energy framework include national critical areas such as agriculture, mining, education, health and 
overall national development. The subsidization of electrical energy and development of other 
forms of RE for the rural people were key dialogues of this policy framework. The energy policy 
framework considered the need for rural electrification and the role of bio-fuels in Zambia’s future 
energy mix (MEWD, 2008). 
2.9.3 Poverty Reduction Strategy Paper (PRSP), 2002-2005 
This policy paper, also known as the Transitional National Plan, recognized the significance of 
promoting and developing RE resources to meet the countries’ energy needs. It did not consider 
the kind of investment strategy needed to drive the energy development plan but primarily focused 
on the development of hydro power which is the only dependable and known form of RE. The 
PRSP, however, suggested that social and economic development, poverty reduction and 
environmental protection would not be achieved without the availability of energy. The policy 
particularly focused on the need to promote a wider application and development of proven 
renewable sources of energy technologies in meeting the needs of the country, particularly in 
remote areas (IMF, 2007.). 
2.9.4 Fifth National Development Plan (FNDP), 2006-2010 
This policy paper, also known as the Transitional National Plan, recognized the significance of 
promoting and developing RE resources to meet the countries’ energy needs. It did not consider 
the kind of investment strategy needed to drive the energy development plan but primarily focused 
on the development of hydro power which is the only dependable and known form of RE. The 
PRSP, however, suggested that social and economic development, poverty reduction and 
environmental protection would not be achieved without the availability of energy. The policy 
particularly focused on the need to promote a wider application and development of proven 
renewable sources of energy technologies in meeting the needs of the country, particularly in 
remote areas (IMF, 2007.). 
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2.9.5 Sixth National Development Plan (SNDP), 2011-2015 
The Sixth National Development Plan (SNDP) put into place a much more accelerated economic 
path plan with a view of transforming the lives of Zambians. The SNDP, as a successor to the 
5NDP, was one of the first medium-term plans that was put into place with a view of transforming 
Zambia into a middle-income country by 2030. The SNDP was built on the skeletal achievements 
and lessons learnt during the implementation of the 5NDP. Having been initiated, the SNDP was 
envisioned to be realized through fast paced human capital development and infrastructure 
development, economic development which would in turn promote broad national economic 
growth and rural development. The underlying theme of the SNDP was “sustained economic 
growth and poverty reduction” (MNDP, 2014). RE development was also included in the plan. 
The plan set out specific goals for the energy sector, which included increasing the electrical 
energy capacity by 1,000 MW, improving rural and national electrification to 15% and 40% 
respectively. Other issues that were covered under this plan were to further implement the rural 
electrification master plan (REMP), build capacity in the engineering sector for energy efficiency 
and to develop an energy efficiency plan. 
2.9.6 Revised Sixth National Development Plan (RSNDP), 2013-2016 
From 2013 to 2016 the Zambian government implemented the revised Sixth National 
Development Plan (R-SNDP). This was, in essence, the revision of the Sixth National 
Development Plan of 2011-2015. The R-SNDP promised to overcome much of the shortcomings 
of the SNDP and some of the additions that were needed to leap-frog the government priorities 
which were not included in the SNDP. Like its predecessors’ plans, the inclination of the R-SNDP 
was to achieve the objectives which were set out in Vision 2030 aimed at becoming a “prosperous 
middle-income country by 2030”. The R-SNDP was, largely, an investment plan which in 
principle contained trails of measurable initiatives that would help in the processes of planning 
and budgeting. The initiatives included in the R-SNDP were expected to respond to the strategic 
focus of the plan and its theme of “People Centered Economic Growth and Development”. Also 
included in the R-SNDP were a lot of strategic initiatives that were needed to drive the social and 
the economic growth of the country. The initiatives focused on public capital investments with an 
explicit bias towards rural development and job creation to achieve an inclusive growth. The 
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targeted investment areas in this framework or plan were skills development, agriculture, science 
and technology, livestock and fisheries, energy and infrastructure development. The particular 
focus of infrastructure development was on road development. The R-SNDP put much emphasis 
on the development of other critical sectors such as water and sanitation, education and health. 
Furthermore, the plan emphasized the need to pay attention, on equal footing, to other equally 
important sector initiatives which were recurring in the annual budget. The R-SNDP did not render 
the sector policies and plans irrelevant or insignificant, but the two were generally complementary 
to each other. 
Furthermore, the plan reaffirmed the government’s commitment to making economic growth 
beneficial to all and providing the framework for investment in the medium term in order to 
accelerate socio-economic development. It provided a comprehensive medium term strategy for 
an all-inclusive and sustainable development agenda. It built on the growing strength of the 
economy and addressed weaknesses and challenges faced during the implementation of the 
previous NDPs against a backdrop of good economic performance in 2011 and 2012. For example, 
the economic growth of Zambia, the gross domestic product (GDP) of 2011 and 2012 was pegged 
at 6.8 percent and 7.2 percent, respectively, against the targeted growth rates of 6.4 percent and 
7.0 percent. In line with the above focus, the revised plan had the following overarching objectives: 
• To promote employment and job creation through targeted and strategic investments in 
selected sectors; 
• To promote rural development by promoting agricultural development, rural enterprises 
and providing support infrastructure in rural areas; 
• To enhance human development by investing in the social sectors; and 
• To accelerate infrastructure development to enhance the growth potential of the economy. 
2.9.7 Seventh National Development Plan (7NDP), 2017-2021 
Driven by the need to become a prosperous nation by 2030, the Seventh National development 
Plan (7NDP), like the other three NDPs that preceded it, was developed with the aim of attaining 
the long-term objectives as outlined in Vision 2030. Essentially, the 7NDP builds its core 
initiatives on the successes and lessons learnt during the implementation of the previous NDPs. 
The 7NDP departs from sectoral-based planning and embarks on an integrated (multi-sectoral) 
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development approach under the theme “Accelerating development efforts towards the Vision 
2030 without leaving anyone behind”. The implementation strategy that was employed in the 
7NDP identified the multi-faceted and interlinked nature of sustainable development which called 
for interventions to be tackled simultaneously through a coordinated approach. Specifically, the 
goal of the 7NDP was to create a diversified and resilient economy for sustained growth and socio-
economic transformation driven, among others, by agriculture, tourism, manufacturing and 
mining. Furthermore, this plan responded to the Smart Zambia Transformation Agenda 2064 and 
embedded in it the economic stabilization and growth necessary for the actualization of a Smart 
Zambia. By large and large the 7NDP supported the UN 2030 Agenda for Sustainable 
Development and the African Union Agenda 2063 (Silwamba & Jalasi, 2017). The 7NDP stressed 
strategic areas such as the development of the necessary frameworks and capacity building in the 
Zambian public sector for the realization of its vision of total adherence to good governance by 
2030. In summary, the 7NDP’s main focus was: 
• To improve some of the Zambian policies in that landscape;  
• To improve transparency and accountability;  
• To establish an all-encompassing democratic system of governance;  
• To improve service delivery;  
• To quicken the decentralization and transfer of certain duties to local authorities; and  
• To improve the rule of law, human rights and the constitution (MNDP, 2017). 
2.9.8 Vision 2030 from 2010 to 2030 
Vision 2030 is an ongoing plan and is influential in driving all the plans that followed its launch. 
In this plan the emphasis was for Zambia to become a middle-income nation by the year 2030.The 
priority areas included the economy, water and sanitation, and energy. 
2.9.9 Critique on policies and renewable energy development in Zambia 
The previous six and to some extent the current seventh development plans show some similarity 
in the challenges faced by RE development in Zambia. All of them, though consistent in certain 
fundamental principles of policy development, failed to take off as planned. The major challenges 
of energy policy implementation are found in several factors. These challenges revolve around 
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little or no budget allocation, defective policy outlines, political inconsistencies and lack of skilled 
manpower. 
(i) Financial constraints: Financial or poor budget allocations have resulted in severe 
limitations or no implementation of some of the RE alternatives. Inconsistencies between 
what is planned in policy and what is required has hampered much of the RE development 
programs in Zambia. Also, developing countries’ reliance on donor funding for some of 
the programmes has resulted in drawbacks in the RE implementation exercise. 
(ii) Political interference: Political interference has hampered some of the RE developments 
in Zambia. Inconsistencies in the political anatomy and government structure has caused 
drawbacks in the development of RE. Policies regarding RE development are developed 
by the MEWD and the ERB. This raises questions as to what extent is the regulator 
captured by the state. Literature has shown that if the regulator is not independent the 
probability of regulator capture is high leading to the playing field being uneven. 
(iii) Defective energy policy coordination: Lack of decentralized policies to coordinate 
various stakeholders and lack of policy guidelines on the implementation, are also some of 
the major reasons for the failure of the energy plan implementation. Among the major 
drawbacks is setting very ambitious targets without setting milestones of when to achieve 
them. How to achieve the policy formulation is usually changed with every new 
government outlining and driving its own energy agenda. There is no visible trend of 
building on the foundation of the previous energy policies. 
(iv) Lack of skilled power: These include not having an institutional arrangement and technical 
capacity. This has left the country lagging behind in the development of the energy sector 
and project execution. A poor research and development culture in the country and ministry 
has caused the data to be produced late and not sufficiently aligned to the information gap 
of the users. 
The trend in the national energy plans shows that plans are usually linked to the government in 
power, but not carried on after elections as each government in power has its own plan for the next 
five years. This trend has caused a diversification in the implementation of the plans due to 
priorities being reallocated. 
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2.9.10 Academic efforts and renewable energy development in Zambia 
There is substantial work done by researchers on Zambia’s energy system but much has not been 
published nor peer reviewed. This review only takes into account all the literature pertaining to 
policies and reforms in the country from 1964 to date, and finds that most of the research on 
renewable energy was either a PhD degree or master’s degree work. Nothing pertaining to rigorous 
analysis of renewable energy development by established researchers has been done in Zambia. 
Little and scant literature had an effect on the development of renewable energy in Zambia. Within 
that scant literature, some profound contribution towards power and renewable energy 
development has been done by certain authors.  We must, in this instance, acknowledge authors 
like Haanyika (Haanyika, 2008), who reviewed the rural electrification, policy and institutional 
performance in Zambia. He highlights that the demand load growth was attributed to increased 
mining activities and the development of the industrial base. Whereas the extent of electrification 
may not have showed significant improvement in the last 10 years, the progress, arguing within 
the domains of his research, was affected by a population growth rate which was higher than the 
rate of electrification. Despite adequate policies and a comprehensive legal and institutional 
framework, the study showed continued handicaps in the capacity to implement RE policy 
measures and this led to failure in achieving the set targets. Some of the key weaknesses include, 
a seemingly slow pace of ensuring that established institutions are operational. Table 2. 4 
highlights the overall goals, area of intervention and some of the key outputs of the national energy 
plans and strategies for Zambia.  
2.10 Conclusion 
In conclusion, it is observed that despite the potential RE projects, Zambia is still in its embryonic 
stages in harnessing its abundant RE resources due to some policy weaknesses. Inherently, there 
are severe institutional weakness in the energy departments of the country driven by factors such 
as lack of coordination, infrastructure, resources and competency. Limited literature and scholarly 
writings on energy planning in Zambia regarding the energy situation in Zambia is available. We 
must state that these have never motivated the government in devising workable energy policies 
that would stimulate the RE growth curve. This study explored and provided a detailed review 
pertaining to RE development, the status of energy policies and the electricity sector in Zambia. 
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The study conclusively showed that although Zambia continues to diligently formulate energy 
polices, it fails to implement these energy policies due to a lack of integrated energy planning 
efforts. Several factors that contributed to the non-implementation of the energy policies were 
identified by this study. One of these is the failure to raise or receive funding in time. This has 
caused a lot of setbacks in the implementation of RE projects. Furthermore, the policy makers fail 
to implicitly set short-, middle- and long-term realistic and tangible targets in energy policy 
formulation and development. With such setbacks, it is necessary to put in place a framework or a 
process to critically review the energy policy development in Zambia. The development of such a 
framework is anticipated to provide strategic energy planning and a policy roadmap for addressing 
the ever-increasing demand for electricity. 
The chapter resulted into two conference papers highlighted below:  
(i) Solar Photovoltaic technology status,prospective and challenges in Zambia:A 
Review. 
In this article, a review of the current status of the solar energy technologies in the country and 
regional renewable as well as provincial wise renewable energy status was presented. It was 
highlighted how the Zambian energy consumption has been increasing at a relatively fast rate due 
to economic development. The economic growth rate projected at 3–5% per annum and how such 
a growth rate results in a rapid urbanization and improving standards of living for millions of 
Zambian households. The article stated how the demand is likely to grow significantly in the near 
future and how Zambia needs to realize the vast potential of renewable energy and need to step up 
effort for attaining the set goals for 2030 i.e.  to electrify rural areas by 50% from the current less 
than 4%.  This article also discussed the present status and future perspectives of the solar 
photovoltaic technology in Zambia. It also further highlighted the major achievements in solar 
mini grid development, industrial applications and policies and initiatives that can affect the 
ambitious missions taken up by the government through rural electrification authority and the 
ministry of energy and water development. Thorough research on the proposed projects need to be 
carried out to avoid projects from being dropped and deemed unattainable after years of 
implementation delays.  Further, there are lots of issues emerging out of the discussions in the 
future, which require immediate attention on the policy and implementation framework that can 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambi 
 
 66 
support in mitigating the potential barriers and challenges and provide impetus to solar initiatives 
in Zambia. 
This article was highly dependent on literature review pertaining to renewable energy technologies 
and sources in Zambia and the world.  More than 30 publications, reports and government websites 
resources on renewable energy and policies were reviewed. The literature was then broken down 
to plot the number of authors against the recommendations as shown in Figure 2.11 below. The 
plots show the action that   the government of  Zambia has to do in order to improve the rural 
electrification levels in the country. The actions were abbreviated as; integrated resource planning 
(IRP), renewable energy targets (RET), draft grid code (DGC), policies and regulations (R), 
purchase power agreement (PPA), business model (BM), capacity building (CB), institutional 
framework (IF) and finances (F). Challenges arose from the search of the relevant documents 
pertaining to the latest development of the RE sector in the country due to lack of updates 
information on the government websites (REA, MEWD, and ERB). This resulted in some 
information been sourced from reliable sources like the IEA, world bank  as the major sources of 
the write up. 
 
Figure 2.11: Authors vs Recommendation Compiled by Author 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambi 
 
 67 
About nine (9) recommendation actions are identified for the factors that affect renewable energy 
policy development and usage patterns in Zambia. The article recommended an adoption of eight 
action plans for the renewable energy readiness assessment conducted by IRENA, which includes 
the needed actions to take in order to expand the rural off-grid electricity services. These are; a) 
Develop integrated resource planning for all renewable sources. b) Revise approach to settling 
renewable energy targets. c) Revise and adopt the draft grid code, including renewable power 
provisions. d) Develop policies and regulation for private sector involvement in decentralized 
renewable technologies. e)  Develop utility scale renewable power project with bankable purchase 
agreement. f) Establish business model for private-sector off grid renewable energy.g) Build 
capacity for renewable energy deployment. h) Develop the framework and sustainability criteria 
for feedstock, optimization and biofuel production. 
(ii) Solar photovoltaic energy progress in Zambia : A review. 
In this article a review of the evolution of energy policies in Zambia from 1964 to 2017 was done. 
The analysis gave an overview of the energy sectoral policies transitions in Zambia. In detail, the 
article provided a critical review of the policies and their contribution towards improving the 
renewable energy sector of the country. It formulated a comprehensive review of the position of 
the country and bridged the existing gap on peer reviewed literature on Zambia. Currently, we 
must posit that, there exists not much formalized write up. As such much of our research will be 
extracted from the existing journals, policy papers, working papers and newspapers. We believe 
that this will put up an academic road trip that will help scholars and researchers to have an insight 
into the Zambian energy policies and their contribution towards renewable energy development. 
Essentially, this paper will summarize in detail, the not yet mature energy sector of the country. 
The summary of our study and the key objectives were as follows: 
• Analysis of Zambia’s energy sector; dynamic interaction of the energy policies and 
renewable energy technology development. 
• Detailed review of various national level energy planning and a study of the methodologies 
adopted in such efforts. 
• Assessment of the key roles of the principal actors, institutions and departments on the 
policies or policy guidelines concerns in each effort employed by the government. 
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• Analysis will provide an understanding of the policy justification for government 
intervention in particular areas and understand the differences, driven by political 
dynamics, between the different types of policy issues, occasional policy and challenges 
presented at different stages of the policy process. 
The method of research that was used in this article was based on qualitative data analysis of 
energy Journals, conference papers, working papers on Zambia policy development, Zambia 
energy statistics, newspaper articles, reports and electronic materials. A systematic method of 
retrieving relevant energy Journals and conference proceeding began in July 2017 and finished in 
December 2017. About 200 Journals papers and conference papers were reviewed during that 
period. The key search words were “energy policy”, “power generation”, “renewable energies” 
“sustainable development”, “energy relationship”, “energy development” and “Zambia. After the 
search was conducted thematic areas of interest such as title and abstract were reviewed organically 
to determine their relevance to our study”.  In the selection process, post hoc inclusion and 
exclusion criteria was used in this study. Out of 200 Journals only 50 Journals were deemed 
relevant or close enough to our study. The authors discussed and agreed on the journals and 
conference papers that were to be included in this study. Various stages of conceptual review 
design were formulated and refined until the authors came up with the relevant literature to be 
included in this study. Figure 2.12 outlines the analytical framework that was used to investigate 
the core thematic areas of this study. This framework was helpful in identifying, through rigorous 
review of papers, the strength and weakness of energy policies and renewable energy development 
of Zambia in line with policy formulation and energy planning efforts undertaken by the 
government of Zambia. Accordingly, and with much emphasis on energy policy formulation and 
RE development plans, the papers will review the methodological approaches adopted by the 
government of Zambia. The proceeding section of this paper will comprise of the review of 
Zambia’s energy system, different studies undertaken, energy policies and renewable energy 
development undertaken by the government. 




Figure 2.12:  Analytical Framework adopted by the author 
It was concluded and observed that irrespective of the several renewable energy potentials, Zambia 
is still in its embryonic stages in harnessing its abundant renewable energy resource due to some 
policy weakness. Inherently, there are severe institutional weakness in the energy departments of 
the country, driven by factors such as lack of coordination, infrastructure resources, and 
competency. Literature and scholarly writings on energy planning in Zambia have been carried 
out regarding the energy situation in Zambia. But we must state that these, in essence, have never 
motivated the government in devising workable energy policies that would stimulate the renewable 
energy growth curve. This study explored and provided detailed review pertaining to renewable 
energy development, the status of energy policy and electricity sector in Zambia. Conclusively, 
the study showed that although Zambia continues to diligently formulate energy polices, it fails to 
implement such energy policies due to lack of integrated energy planning efforts. Several factors 
arose from our study that contributed to the non-implementation of the energy policies.  Some of 
which is the failure to raise or receive funding in time. This has caused a lot of setbacks in the 
implementation of renewable energy projects. Furthermore, the policy makers fail to implicitly 
set; short, middle and long term realistic and tangible targets in the energy policy formulation and 
development. With such setbacks, it is necessary to put up a framework or a process to critically 
review the energy policy development in Zambia. Development of such framework is anticipated 
to provide strategic energy planning and policy roadmap for addressing the ever-increasing 
demand of electricity. 
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Table 2. 4: Summary of Policy and National plans compiled by Author source : (MNDP, 2017), (MNDP, 2009), 
(Zambia 2030, 2006) (MNDP, 2014) 
Policies, strategies 








Areas of intervention 
 
Key output 
NEP 1964-2007 “Recognize cross cutting areas 
Gender issues 
Rural electrification and role 
of bio fuel in Zambia’s energy 
mix Renewable energy, 
alternative energy and biomass 




“To provide well developed, 
managed, reliable and 
sustainable 
energy services for the 
improvement of the quality of 





“Ensure access to energy by 
general public as well as industry 
at the same time ensuring the 
conservation of energy and making 
the energy available for all 
economic development”. 
PRSP (TNDP) 2002-2005 “harnessing renewable energy 
economic growth by 
electrification 
poverty reduction and 
environmental protection. 
promote wider application of 
proven new and renewable 
sources of energy” 
“The vision is: An efficient, 
competitive and sustainable 
agricultural sector that assures 








“To promote increased and 
sustainable agricultural 
production, productivity and 
competitiveness in order to ensure 
food security; income generation; 
creation of employment 








Energy efficiency and 
conservation 
Renewable and alternative 
energy development and 
Promotion” 
“To achieve a broad based 
wealth and job creation 











“Reduction of poverty and 
improvement of health, wealth and 
wellbeing of citizens through well 
co-ordinated and interlinked 




2006 -2010 “Environment 
Electricity 
Renewable energy, alternative 
energy and biomass 















“Improve high poverty levels in 
rural areas and promote rural 
development 
through stimulating agriculture 
productivity and promotion of 
agribusinesses, improving the 
provision of water and sanitation, 






“To accelerate infrastructure 
development to enhance the 






Enhance human “. 
“The main investment areas 
are in Skills Development, 
Science and Technology, 
Agriculture, Livestock and 
Fisheries, Energy and 
Infrastructure “. 
“Development particularly 
transport infrastructure while 
enhancing human 
development related Sectors of 
Water and Sanitation, 
Education and Health.” 
“To promote employment and job 
creation through targeted and 
strategic investments in selected 
sectors; 
To promote rural development by 
promoting agricultural 
development, rural enterprises and 
providing support infrastructure in 
rural areas; 
To enhance human development 
by investing in the social sectors.” 
 
7SNDP 2017 -2021 “Improving the policy 
environment; 
Improving transparency and 
accountability;  
Establishing an inclusive 
democratic system of 
governance;  
Improving service delivery;  
Accelerating decentralisation”. 
“The goal of the 7NDP is to 
create a diversified and 
resilient economy for 
sustained growth and socio- 
economic transformation 
driven, among others, by 
agriculture, tourism, 








“To promote transparency and 
accountability; and stablishing an 
inclusive democratic system of 
governance; Improving service 
delivery; accelerating 
decentralisation and devolution to 
local authorities; and Improving 






Water and sanitation 
Infrastructure 
Energy 
Science and    technology” 
“To achieve a Prosperous 
Middle Income Nation by 
2030” 
“Macro and micro 
economy policy levels” 
“To attain annual average real 
GDP growth of at least 10% 
through-out the Period of 
implementation.” 
 




3 THE ROLE OF RENEWABLE ENERGY IN REGIONAL AND NATIONAL 
ENERGY DIVERSIFICATION: SUSTAİNABLE ASSESSMENT OF ELECTRİCİTY 
SECTOR OF SADC MEMBER STATES 
Summary- Southern Africa Development Community (SADC)  is endowed with plenty of natural 
energy sources ranging from fossil fuels to renewable energy sources that are used in the national 
and region energy mix.  However, use of fossil fuels in the  energy mix to meet the ever increasing 
electricity demand  have  been predicted to be the main cause of the GHG emissions in the world. 
Energy is a one of regional’s critical area of Priority B in the new revised Regional Indicative 
Strategic Development Plan (RISDP) 2015-2020 which provides advice to ensure that the regional 
and national policies are in accordance with achieving the security, reliability, and sustainability 
of the energy industry of the region. furthermore, the provision of reliable and sustainable energy 
for the region has continued to be a priority for SADC member states’ development agenda. 
Therefore, this paper assesses the progress and sustainability of electricity sectors in SADC 
member countries using the three pillars of sustainability; economical, environmental and social. 
These three aspects are particularly key principles of achieving electricity sustainability, in a way 
that is socially, environmentally acceptable and economically viable which is appropriate for 
sustainable electricity sectors. The identification of the country practicing more sustainability in 
its electricity sector will be based on 4EA’s that takes into consideration three key pillars of 
sustainability. The study is based on the secondary data from various sources and literatures.  The 
results of sustainability assessment of SADC countries electricity industry will play vital role in 
providing a basis to assist and guide in policy making by better understanding of the current and 
future challenges emerging in the region electricity sector and alternatives in addressing these 
issues. This will further help in making informed investment plan and decisions towards achieving 
sustainability in the electricity sector of the region. Hence, the study is important for sustainable 
electricity sector development in the region and tracing the progress made by SADC member 
countries towards achieving sustainable electricity sector development.  
Key words: Energy Sustainability, Renewable Energy Source (RES), Renewable Energy 
Technology (RET), SADC, Zambia . 





The growth in electricity industry during the past decades, have significantly increased in overall 
CO2 and  CO2 emissions per capita (see Figure 3.1). This is primarily due to increased electricity 
industry,increased demand and access to electricity in fast growing economy countries (IEA, 2018; 
WEC, 2017). Apparently, the electricity industry is one of the major contributors to greenhouse 
emissions worldwide due to its heavy dependency on fossil fuels, such as, diesel, gas and coal 
(IEA, 2018). However, the electricity industry is also one of essential sectors that play a major role 
in achieving socio-economical welfare of world (SACREEE, 2018). Currently, there is a raise in 
growing concern across the global due to numerous challenges such as rapid and yet highly 
uncertainty energy demand as the result of rapid population growth and economic activities, 
reduced fossil fuel reserves, high and volatile fossil fuel prices, energy security and environmental 
impacts, (IPCC, 2012;Vithayasrichareon, 2012). Hence, it is apparently clear that the electricity 
industry currently presents a greater sustainability challenge given its essential role it plays in both 
socio-economical development and environmental degradation.  
 
Figure 3.1 :Global Energy Related CO2 Emission, 2000-2017 (IEA, 2018) 
Furthermore, presently the major concern across the global is how to direct future electricity 
industry development in a manner that ensures adequate access to clean, reliable and affordable 
electricity in a socially and environmentally acceptable way while being economically viable. 
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This, as suggested by Brew-Hammond, 2010, is more essential for Sub-Saharan African countries 
in addressing numerous pressing energy service challenges. As a follow up, the low-carbon 
emission renewable electricity generation technologies such as solar photovoltaic (PV), 
concentrated solar power (CSP), wind, hydroelectric, geothermal and biomass energy technologies 
are increasingly recognized as the essential complements to existing high-carbon convention 
electricity generation technologies in the electricity industry (IEA,2018). Statements passed by 
IEA has echoed well with the member countries; of which SADC is part of the IEA. As such, and 
according to SADC, (2016), the SADC energy industry overall goal is “to ensure the availability 
of sufficient, reliable, least-cost energy services that will assist in the attainment of economic 
efficiency and the eradication of poverty while ensuring the environmentally sustainable use of 
energy resources”. Hence, for the region to attain such goals in a sustainable manner, a number of 
legal documents, policies and institutional frameworks have been put in place through the adoption 
of several instruments (SADC, 2016); 
• The Regional Indicative Strategic Development Plan (RISDP) which was adopted in 
2003 then revised in 2015;  
• The Energy Cooperation Policy and Strategy of 1996 ,  
• The SADC Protocol on Energy and the SADC Energy Action Plan (1997)  
Furthermore, in order to harmonize the regional energy industry, SADC member states have 
further established several subsidiary organizations to conduct energy programmes, projects and 
activities. These subsidiary organizations include (SADC, 2016); 
• The SADC Centre for Renewable Energy and Energy Efficiency (SACREEE),  
• The Southern African Power Pool (SAPP), and  
• The Regional Electricity Regulators Association of Southern Africa (RERA) 
These subsidiary organizations coordinate the planning, generation, transmission and marketing 
of electricity and also help in harmonizing the regulatory policies of energy on behalf of SAPP 
member state utilities in the SADC region (SACREEE, 2018). To quantify the statement above a 
total of 12 of SADC member states are SAPP members but only 10 members are active and 
participate in RERA.  To that effect, the development of the SADC RISDP considers enegry as 
one of the priorities. The new RISDP (2015-2020) provides clear advice on ensuring that the 
regional and national policies are in accordance with achieving the security, reliability, and 
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sustainability of the energy industry of the region. This instrument ensures that member countries 
work together in research and development of low-cost energy technologies applicable to the 
region (SACREEE,2018;SADC,2016). Therefore, the provision of reliable and sustainable energy 
for the region has continued to be a priority for SADC member states’ development agenda.  
This chapter presented a comparative sustainability assessment of the SADC member states’ 
electricity industry using Four Electricity Aspects’s (4EA) energy approach based on sustainability 
indicators and criteria. The approach has been adopted based on arguments that for any energy 
system to be sustainable,  it must adhere to the four electricity aspects.  For a comprehensive 
assessment of the electricity industry in the region, the four aspects are classified down into 16 
indicators which are then linked with electricity industry’s performance in terms of environmental, 
social, technical  and economical. The approach consists of 4EAs which include; Electricity 
Affordability, Electricity Accessibility, Electricity Availability and Electricity Acceptability (WEC, 
2010). The 4EA’s approach addresses the key pillars of sustainability; social, economical and 
environmental factors. These four aspects are particularly key principles of achieving electricity 
sustainability, in a way that is socially and environmentally acceptable and technically and 
economically viable which is appropriate for sustainable electricity sectors.  In assessing the 
SADC member state electricity industry relevant qualitative and quantitative criteria and indicators 
have been drawn focusing on the regional electricity industry. Hence, the results of sustainability 
analysis of SADC countries’ electricity industry will play vital role in providing a basis to assist 
and guide in policy making by better understanding of the current and future challenges emerging 
in the region electricity sector and alternatives in addressing these issues. This will further help in 
making informed investment planning and decisions towards achieving sustainability in the 
electricity sector of the region. 
3.2 Sustainability Assessment of Electricity Industry in SADC Region 
The SADC region electricity industry just like most Sub-Saharan African regions, is facing 
numerous challenges associated with energy security issues due to rapid energy demand growth, 
lower energy accessibility due to lower grid coverage, highly dependence on fossil fuels leading 
to social and environmental impacts due to greenhouse gas emission. Hence, the region faces two 
major energy issues, firstly, lower access levels to electricity which is about 48%, 75% urban and 
32% for rural areas, secondly, the energy security challenges due to dependency on fossil fuel or 
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only one energy source in the nation energy mix (SACREEE,2018). This has critical ramifications 
on the energy security of the country.  
According to IEA,(2014), energy security is defined as “the uninterrupted availability of energy 
sources at an affordable price”. Energy security can be categorized into two main aspects, long 
term and short term categories. Long term category deals with timely investment in energy system 
to meet economic development without compromising the environmental needs, while short term 
category deals with ability of the existing energy supply system to meet sudden changes in the 
energy demand (IEA, 2014). For this to happen, energy sustainability should play an important 
role in ensuring continous suspply of energy. 
Indeed, energy sustainability is one of essential factors in energy industry due to its strong links to 
economical, environmental and social factors. 
• Social aspect; measures the impact of access to clean, affordable and reliable electricity on 
improving quality of human well-being. 
• Economic aspect; reflects the impact energy availability may have to development 
prospects and economic growth of nation and society. According to literature (Najam and 
Cutler, 2003), it is widely agreed that access to clean, reliable and affordable modern 
energy services such as electricity is vital for economic development and poverty 
alleviation for developing countries.  
• Environmental aspect; is used to reflect the impact energy systems contribute to overall 
environment. The present energy systems across the global are the major drivers of 
environmental issues such as climate change. Hence, the use of fossil fuel (high-carbon 
emission technologies) in energy mix pose a greater risk on the environmental 
sustainability as compared to using low-carbon renewable energy technologies Table 3. 1 
below illustrates the 4EA’s sustainability indicators and criteria adopted for assessing 




Table 3. 1: Summary of 4EA’s SADC Electricity Industry Sustainability Indicators and Criteria 




3.2.1 SADC Socio-Economic Development 
The SADC region comprises of sixteen (16) member states, Angola, Botswana, Democratic 
Republic of the Congo (DRC), Eswatini, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, 
Namibia, Seychelles, South Africa, Tanzania, Zambia and Zimbabwe including the new member 
state, island state of Comoros. The region is a community to about 33% of the total population of 
Sub-Saharan Africa. The region experiences an annual average population growth of 1.9%. In the 
past decades, the region has seen a raise in urbanization.  For instance in the period of 2013-2017 
the region experienced an increase in urban population of about  35% in 2013 to 46% in 2017. 
However, among the SADC member states there exist a very wide difference both in complexity 
and size of the gross domestic product (GDP) from as low as US$1.498billion (Seychelles) to as 
high as US$349.3billion (South Africa) (see Table 3.2). However, overall SADC region has 
experienced a decrease in the annual growth in GDP per capita due to a drop in commodity values 
worldwide and due to drought. The drought caused a decrease in industrial and agriculture 
production as a result of electricity deficit (CIA, 2019). The region also has wide differences in 
social and economic development profiles. For instnace, comparing the member states using the 
United Nations Human Development Index (HDI), the SADC member states are classified in 
lower, medium and high HDI which varies between 0.418 (Mozambique) and 0.782 (Seychelles), 
Aspects of 4A’s Issues Sustainability Criteria & Indicators 
Acceptability Global Warming   1) Policies on Renewable energy technologies (checklist) 
2) Renewable energy share in electricity generation (%)  
3) CO2 emission per capital (t CO2/capital )  
4) CO2 emission (ktCO2/year) 
Accessibility Access to Modern Energy Services 
and Future Access Targets  
5) Electrification rate (%)  
6) Electricity Consumption per capital(kWh)  
7) Electricity Intensity (kWh/GDP)  
8) Future Electrification Targets 
Availability Energy Security 9) Electricity Supply Reserve Margin 
10) Diversity in Electricity generation mix (% share of each fuel type)  
11) Diversity of fuel in Electricity generation (Shannon Wiener Index) 
12) Dependence on imported electricity generation  
[0]. Self-Supply Sufficiency of Electricity (%) 
13) Future Share of Renewable Energy Targets  
Affordability Electricity Affordability 14) Electricity Prices ($/kWh)  
15) GDP per Capita 
16) Cost of Electricity Supply (%) 
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with nine of its member states ranking in the lower categories of less than 0.50, four member states 
ranking in the medium category of about 0.50 and 0.70 and only two ranking in the higher level 
of above 0.70 (see Table 3.2) (SACREEE,2018).
Table 3. 2: Socio-Economic Statistics for the SADC Member States  (SACREE, 2018; CIA, 2019; The World Bank, 
2015) 
 
3.2.2 SADC Electricity Industry Status 
As of 2018, the SADC region had a total installed capacity estimated at more than 61,859GW, 
with SAPP member states only, accounting for 59.539GW-installed capacity and 54.397GW 
operating capacity (allAfrica, 2017). The regional electricity demand growth is estimated at an 
average rate between 3% and 6% annually following in line with the SADC economic growth 
(Oliver et al, 2018). The total electricity demand projections by IRENA (2015) shows that in the 
SADC region, the demand is expected to double by 2030 from 280TWh (2010) to 570TWh (2030) 
(see Figure 3.2) due to various activities such as strong economic and population growth, 
urbanization and industry development in the region (IRENA,2015a,2015b). 
Member 
States 
Socio-economic indicators for the SADC Countries as of  2016-2017 kWh per 
Capita 
CO2 Emission 
(kilotons/year) Surface Area (km2) Population GDP (US$ Billion) GDP per capita($) HDI 
Angola 1,246,700 30,355,880 126,5 6,800 0.533 336.01 34,763 
Botswana 581,730 2,249,104 17,38 17,000 0.698 1123.56 7,033 
DRC 2,344,858 85,281,024 41,44 0,800 0.435 106.07 4,672 
Eswatini 17,364 1,087,200 4,417 10,100 0.541 350.44 1,203 
Lesotho 30,355 1,962,461 2,749 3,300 0.497 259.88 2,468 
Madagascar 587,041 25,683,610 11,50 1,600 0.512 66.42 3,077 
Malawi 118,484 19,842,560 6,240 1,200 0.476 71.56 1,276 
Mauritius 2,040 1,364,283 13,33 22,300 0.781 2124.19 4,228 
Mozambique 799,380 27,233,789 12,59 1,300 0.418 674.90 8,427 
Namibia 823,290 2,533,224 13,24 11,200 0.640 553.84 3,755 
Seychelles 455 94,633 1,498 29,300 0.782 3698.50 495 
South Africa 1,219,090 55,380,210 349,3 13,600 0.666 4234.36 489,772 
Tanzania 947,300 55,451,343 51,76 3,200 0.531 120.81 11,562 
Zambia 752,614 16,445,079 25,71 4,000 0.579 702.34 4,503 
Zimbabwe 390,757 14,030,368 17,64 2,300 0.516 484.66 12,020 
SADC 9,509,776  695,294 8,533 0.574 993,84  
 




Figure 3.2: Southern Africa Projected Energy Demand by 2030 (IRENA, 2015b) 
For sometime, generational capacity has not been symmetrical with the economic and population 
growth. Generation capacities and installed power grids are limited within the region; hence 
electricity supply has been lagging behind demand growth since 2007 until 2018 when the region 
experienced excess supply due to commissioning of new power projects (Anme, 2017). This 
lagging of supply demand balance has resulted in a complex and persistent electricity shortages in 
most SADC member states. Most SADC member states that are highly dependent on 
hydroelectricity have faced power shortages due to climate change which has caused that even  the 
presence of a grid connection does not guarantee the end user access to electricity. (ERB, 2018). 
To that effect, the SADC region access level to modern energy services has still remained lower, 
as of 2017 the overall access levels to electricity where about 48% with 75% urban and 32% for 
rural areas. However, even under such gloomy and despondent settings, the region hopes to 
increase the generation  from the current value  to 85.5% by 2030. (SACREEE, 2018). 
3.2.3 SADC CO2 Emission 
 In the SADC region nearly 85.7% of electricity generation is from coal thermal power plants 
which pose a high health risk and an increase in greenhouse gas emission in the region. Despite 
the region contributing less greenhouse gas emission, which was about 2.2% of the global emission 
in 2011, some member states like South Africa have remained to be higher emitters of greenhouse 
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gas ranking 13th in the world. As an example, in 2016, South Africa alone contributed about  48% 
of carbon dioxide emitted in the SADC region (SACREEE,2018). 
3.2.4 SADC Electricity Generation and Consumption  
On the overall, the only alternative way of addressing the current electricity problems and 
supporting the natural environmental sustainability in the region is through a switch to low carbon-
intensive technology by increasing the proportion of renewable resources in the regional electricity 
sector. Recent researches in the region have increasingly highlighted the viability of renewable 
energy projects as being feasible alternative. Hence, renewable energy such as hydro, biomass, 
geothermal, solar and wind energies are increasingly gaining prominence in the SADC region with 
total installed capacities, as of 2017, reaching 18,069MW (see Figure 3.3 and Table 3.3), by mid 
of 2018 the capacity increased further reaching 21,760MW (IRENA, 2018; SACREEE, 2018). As 
an estimation the SADC region has estimated, approximated, annual total wind and solar potential 
of 800TWh, 219.5TWh (solar PV) and 109.3TWh (Solar Concentrated power) (IRENA, 2013, 
2015a).  However, the regional RE electricity generation potential for the period 2010-2030 is 
estimated at 62,781MW for centralized energy systems and 24,725MW for decentralized off-grid 
projects (IRENA, 2013). Actually, a recent report issued in 2018 by SACREE concluded that wind 
and solar energy could be economically and environmentally competitive alternative for the SADC 
region in the near future (SACREE, 2018). Table 3.4 highlights the renewable energy (RE) 
development trends in SADC member states for the period 2006-2017. 
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Figure 3.3: Comparison of RE Development Trend in Africa and SADC Region 
Table 3.3 illustrates the SADC member states’s primary energy generation mix , imports, exports 
and consumption as of 2016. It can be seen that South Africa had the highest generation, 
comsuption, imports and export in the region followed by Mozambique and then Seychelles which 
had zero imports and exports.  









Energy indicators for the SADC Countries (TWh/Year) Primary Energy Generation Mix (%) Diversification ESE(%) SSR(%) 
Generation  Consumption Exports Imports Other RES Hydro Nuclear Fossil 
Angola 10,20 9.036 0.00 0.00 2 64 0 34 0,67 88,59 100,0 
Botswana 2,527 3,636 0,00 1,673 0 0 0 100 0,00 86,57 60,17 
DRC 9,046 7,430 0,422 0,020 0 98 0 2 0,14 86,61 99,77 
Eswatini 0,381 1,431 0,00 1,077 41 20 0 39 0,96 98,15 26,13 
Lesotho 0,510 0,847 0,00 0,373 1 99 0 0 0,08 95,92 57,76 
Madagascar 1,706 1,587 0,00 0,00 2 24 0 74 0,59 93,02 100,0 
Malawi 1,420 1,321 0,00 0,00 6 93 0 1 0,28 93,03 100,0 
Mauritius 2,898 2,726 0,00 0,00 14 7 0 79 0,59 94,06 100,0 
Mozambique 18,39 11,57 12,88 9,928 1 83 0 16 0,45 86,34 35,69 
Namibia 1,403 3,891 0,088 3,073 8 64 0 28 0,77 88,90 29,97 
Seychelles 0,350 0,326 0,00 0,00 9 0 0 91 0,44 93,14 100,0 
South Africa 234,5 207,1 16,55 10,56 10 1 4 85 0,39 91,26 95,38 
Tanzania 6,699 5,682 0,00 0,102 6 40 0 55 0,79 83,55 98,50 
Zambia 11,55 11,04 1,176 2,185 2 93 0 5 0,27 88,94 82,60 
Zimbabwe 6,800 7,118 1,239 2,220 5 37 0 58 0,76 92,65 71,47 
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3.3 Sustainability Assessment of SADC Countries Electricity Industry based on 
4EAs 
3.3.1 Electricity Acceptability  
In terms of social and environmental acceptability, electricity generation technologies can cause  
various and numerous environmental and social impacts such as land use and degradation, dust, 
noise, soil and air pollution including greenhouse gas emission which is the most serious threat to 
both the environment and society. Of course, this will a pose different policy challenge. Hence, 
this thesis reflects on environmental and social acceptability of the electricity sector by society and 
environmental organizations based on national energy mix. Interestingly,  and according to WEC 
(2007), the best alternative to attain environmental sustainability and increase social acceptability 
is by reducing greenhouse gas emission through adopting of low-carbon renewable energy 
technologies in the national energy mix. Thus, an electricity generation mix with combination of 
various sources from low-carbon technologies is expected to increase social and environmental 
acceptability. Therefore, to assess the acceptability of SADC countries’ electricity industry the 
following criteria have been considered; Renewable energy share in electricity generation (%), 
SADC Member 
States 
RE Development Trends in SADC Member States (MW) 
2006 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 
Angola 776 777 779 779 867 948 1016 1017 1418 2800 2428,0 
Botswana - - 0 0 1 2 2 6 6 6 1,3 
DRC 2514 2514 2514 2514 2514 2515 2515 2537 2687 2687 2601,0 
Eswatini 124 124 124 186 186 186 186 186 186 186 167,6 
Lesotho 73 73 73 73 75 75 75 75 75 75 77,3 
Madagascar 122 122 131 131 165 167 170 173 175 177 177,3 
Malawi 299 299 299 301 301 303 370 374 374 374 378,4 
Mauritius 130 134 135 135 152 155 171 171 189 191 247,3 
Mozambique 2198 2198 2198 2198 2201 2205 2207 2211 2214 2233 2198,9 
Namibia 252 253 254 257 343 346 348 359 379 391 404,5 
Seychelles - - - - - 6 7 7 8 8 8,7 
South Africa 838 848 853 897 903 1358 2524 3060 4069 4959 8679 
Tanzania 607 609 620 636 642 645 649 656 657 659 612,9 
Zambia 1715 1723 1937 1937 1944 2304 2304 2314 2434 2435 2597,8 
Zimbabwe 835 835 837 856 856 862 863 879 884 888 1180,0 
SADC Region 10483 10509 10754 10900 11150 13339 13407 14025 15755 18069 21759,7 
Africa 23381 24986 26940 27319 28485 30639 32666 34511 38603 42139  
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CO2 emission per capital (t CO2/capital ), CO2 emission of the country and policies on renewable 
energy technologies. 
a) CO2 Emission Per Capita 
Figure 3.4 depicts the CO2 emission per capita in SADC member states as of 2015. The results 
show that the region member countries have lower CO2 emission per capita except for South 
Africa which is mainly heavier  due to higher dependency on fossil fuels (coal) for electricity 
generation. Overall, South Africa (SA) has the highest emission per capita (8.98 tons CO2) in the 
region followed by Seychelles (5.42 tons CO2) with DRC having the lowest value of  0.06 tons 
CO2. As earlier mentioned, this makes SA the highest contributor and emitter of CO2 emission in 
SADC region. In the narrative, South Africa derives 85% of its electricity from fossil fuels and 
contributes more than 76% of final electricity generation in the SADC region, hence contributing 
almost more than half of CO2 emission of the region. 
 
Figure 3.4: CO2 Emission per capita in SADC Countries (The World Bank,2015) 
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Figure 3.5 highlights the percentage share of RE in the final electricity generation in SADC 
countries. It is seen that DRC has the highest share of RES (92.87%) in the national overall 
electricity generation mix due to high use of hydro for electricity generation with Seychelles 
having the lowest (1.03%) due to its dependency on fossil fuels.  Generally, the region and member 
countries have seen an increase in RE share in the final electricity generation mix. 
 
Figure 3.5: RE Percet Share in Total Electricity Generation in SADC Countries(SACREEE, 2018) 
c) SADC Countries CO2 Emission Per Year 
The majority of SADC member countries have low CO2 emission due to high dependency on the 
renewable energy in overall electricity generation. However, few member countries such as South 
Africa, Botswana, Seychelles, Mauritius, and Namibia are highly dependent on fossil fuel with 
less than 50% of RE share in the final electricity generation mix. Hence, in terms of overall CO2 
emission contribution to the region, it can be observed that South Africa tops the group followed 
by Angola, Zimbabwe, Tanzania and least Seychelles (see Table 3.2 above). 
3.3.2 Electricity Accessibility 
This dimension highlights the accessibility of modern energy services by society both present and 
in the future in a sustainable way. Access to electricity can have various negative contribution on 
Renewable Energy Percent Share  in Total Electricity 
Generation(%)
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society. This will include improving human well-being by meeting human basic needs such as, 
entertainment, gender equity, health, education, food and clean water (Wamukonya, 2003). In 
addition, access to modern energy services can also help reduce environmental consequences such 
as deforestation. Hence, a policy challenge is posed by the concept of reliability, quality and easy 
of accessibility of modern energy services by the society. Clearly, the societies have to be able to 
access essential modern energy services but the services have to be reliable and of quality. Hence, 
in this dimension a comparative analysis is conducted to assess the accessibility of electricity in 
the SADC countries and also the future access targets. Three criteria dimension was considered in 
this study; i.e. Electricity consumption per capital (kWh), Electricity Intensity (kWh/GDP), present 
electrification levels and future access targets for accessibility and electricity Disruption Risk 
Index (see for example Dakpogan and Smit, 2018) to measure service reliability and quality.  
d) Electricity Consumption per Capita 
The electricity per capita in SADC member countries as of 2017 is illustrated in figure 3.6. 
Generally, as in most Sub-Saharan African regions and countries, the electricity per capita  in the 
majority of SADC member countries is below the average value for the region (993,84kWh per 
capita) with exception of South Africa, Seychelles and Mauritius which are above 2000kWh per 
Capita. Also, the electricity per capita varies so widely with lowest being 66.42kWh per capita 











Figure 3.6: Electricity Comsumption per Capita 
e) Electricity Intensity 
The energy intensity (kWh per US$) in SADC member countries is shown in figure 3.7. DRC, 
Madagascar, and Zimbabwe have the highest among the member countries with Botswana, 
Mauritius, Namibia and Seychelles having the lowest due to higher GDP and lower energy 
consumption probably due to lower population. This implies that electricity consumption growth 
in most of member countries is way below the economic growth. This could be driven by the lower 
penetration and utilization of electricity appliances and equipments. Also this mys be indicative of 













Figure 3.7:  Energy Intensity in SADC  Countries  in 2017 (SACREEE,2018) 
f) Electrification Levels and Future Access Targets 
Table 3.5 illustrates electricity accessibility in SADC countries and the future electricity access 
targets as set in the national master plans of member states to be achieved by 2030. As of present, 
the region and many member states have less access level to electricity with exception of few 
countries like Botswana, Namibia, Eswatini, and South Africa which are above 50%. Mauritius 
and Seychelles are the only two member countries that are now able to provide 100% access to 
electricity. However, the urban electrification levels for the majority of the member countries are 
above 60% with only Malawi having the lowest of 42%. Contrary to urban areas though,, rural 
electrification levels are still lower in majority of member countries with exception of Mauritius 
and Seychelles which has already have 100%. As a suggestion, and based on the statistical data 
about rural areas it could be vital, in essence , for the SADC region to set rural electrfication as a 
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Table 3.5 Electrification Rates in SADC Member, 2016 (SACREEE,2018)
3.3.3 Electricity Availability 
Electricity reliability and continuity of supply is very important for socio-economic development 
in any society or nation, since electricity plays an essential role in achieving socio-economic 
welfare of any society and nation. However, various issues is causing electricity unreliability and 
discontinuity in a short and long-term demands. This may vary from country to country but very 
common and similar in SADC region. The causes of electricity unreliability and discontinuity 
include (WEC, 2007); 
§ Insufficient electricity generating units,  
§ Lack of transmission capacity to transport generated electricity to load centres, 
§ Insufficient of generation units to meet the demand,  
§ Poor generating units or transmission line maintenance,  
§ Weak networks to withstand contingencies and disturbances including other factors such 
as tremendous weather conditions such as poor rainfall (droughts) and 
§ Availability of primary energy sources in future such as fossil fuels   
Member 
States 
Electrification Rates (%) 
Energy Access Targets (%) Rural Urban National People without Access to 
Electricity (million) 
Angola 16 69 41 17 100% by 2030 
Botswana 37 78 61 1 100% by 2030 
DRC . 78 17 68 60% by 2025 
Eswatini 61 83 66 <1 100% by 2030; 75% by 2018; 85% by 2020 
Lesotho 16 66 34 1 40% by 2020 
Madagascar 17 67 23 19 - 
Malawi 4 42 11 16 30% by 2030 
Mauritius 100 100 100 - - 
Mozambique 5 65 24 21 100% by 2030; 30% Modern Cooking Fuel by 2030 
Namibia 29 77 56 1 50% by 2020; 100% by 2030 
Seychelles 100 100 100 - - 
South Africa 68 93 86 8 100% by 2025 
Tanzania 17 65 33 36 75% by 2030 
Zambia 4 67 31 11 66% by 2030; 90%  urban and 51%  rural 
Zimbabwe 16 86 38 11 100% by 2030 
SADC 32 75 48 49 - 
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However, according to literature (WEC, 2017), it is argued that a well-diversified electricity 
generation sector that includes various different types of  domestic primary fuels and sources that 
may include reliable generating technologies  has ability to assist in increasing energy security and 
reducing risks that may arise from high and volatile fluctuating prices. Therefore, the use of local 
available resources in electricity generation becomes more relevant than ever. Inclusive to this is 
the fact, a timely and adequate investment in the electricity sector is essential to ensure the 
reliability and continuity of electricity supply (IEA, 2002; Bengt, 2013). Therefore it is necessary,  
when considering the avalaibaility and the security of energy, in the SADC region, to consider the 
short and long term reliability and continuity of electricity supply based on the following four 
availability indicators and criteria; electricity supply reserve margin, electricity supply efficiency, 
diversification of energy supply sources, self-electricity supply sufficiency  in the national 
electricity supply (SSR) and share of renewable energy in the final energy mix.  
a) Electricity Supply Efficiency of SADC Countries 
The electricity supply efficiency(ESE) is defined as “the ratio of electricity not lost(ENL) to the 
total electricity supply (TES)’’(Dakpogan and Smit, 2018).This indicator shows the country’s 
electricity industry overall performance, it takes care of losses due to grid and due to electricity 
theft in the sector. It was calculated using equation 3.1a to 3.1d. The general equation is expressed 
as given below; 
                                                                                                                         (3.1a) 
In determining the ESE of the SADC countries, equation 3.1.b was used to calaculate the ESE of 
countries exporting electricity to other member countries in the region. 
                                                                                                                (3.1b) 
For SADC countries that produce and imports electricity from other member states, the ESE was 
calculated using equation 3.1c: 
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For SADC countries that were not involved in neither exporting nor importing of electricity such 
as the islands and other mainland member countries (Angola, Malawi, Madagascar, Mauritius and 
Seychelles). The following equation as show in 3.1d was used. 
                                                                                                                           (3.1d) 
Where EC is electricity consumption, IE is electricity imports, EP is electricity production, EXE 
is electricity exported. All in all, Figure 3.8 shows SADC countries performance under electricity 
supply efficiency. It can be observed that Tanzania has the lowest ESE among the member 
countries, followed by Botswana, DRC and Mozambique whereas Eswatini has the highest ESE 
among SADC countries. In short, the majority of member countries have ESE that is less than 95% 
except for Eswatini. This shows that the majority of member countries overall electricity industry 
is facing  electricity losses challenges, either due to electricity theft or overall grid losses due to 
poor maintenance or long grid distances. 
 
Figure 3.8: Electricity Supply Efficiency of SADC Countries 
b) Electricity Supply Diversification of SADC Countries 
Diversificaton of Electricity Supply is calculated using Shannon Wiener Index (SWI) as given in 
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                                                                                                             (3.2) 
Where s is the share of each primary energy source i in the final electricity generation mix and n 
is the number of primary energy sources in the final energy mix. The maximum (Ln(n)) occurs 
when all the energy sources contribute equal share (1/n) to the final electricity generation mix. In 
terms of electricity supply diversification, the higher the value means higher sustainability (higher 
energy security) and lower electricity sector risk due to higher diversification levels in the 
electricity supply (see figure 3.9).The results indicates that the diversification of electricity sector 
in SADC countries varies widely with Eswatini having the highest whereas Botswana having the 
lowest.  However, Table 7 below show that all members countries have set plans to diversify local 
electricity generation mix by 2030. Hence, it is expected that the future SADC region and member 
countries’ electricity industry will be more diversified, with increased energy security and 
accessibility if all member countries implement and achieve the planned targets. However, due to 
availability of the local fossil fuels (Coal and Natural Gas) in number of member countries, it is 
expected that fossil fuels will continue playing a major role in electricity generation in the region. 
 
Figure 3.9: Energy Diversification in SADC Countries, 2016 
c) Self Supply Sufficiency Rate of SADC Countries 
To assess the severity or non severity of energy diversification and energy imports on the national 
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industry was evaluated for each member states using equations 3.3a to 3.3d (Dakpogan & Smit, 
2018). This dimension measures the ability of member states’ electricity industry to meet its 
current electricity  demand using the local electricity generation. Hence, the higher the value above 
and equal to 100% means country is self sufficiency whereas below 100% means the country 
depends on imported electricity. The general equation is represented in 3.3a. 
                                                                                                                  (3.3a) 
Considering countries that imports some of their electricity from other SADC countries within the 
region. 
                                                                                                               (3.3b) 
Considering countries that exports their surplus electricity to other SADC countries. 
                                                                                                            (3.3c) 
In case of SADC countries that are not interconnected nor exporting or importing electricity from 
other countries such as islands (Madagascar, Mauritius and Seychelles). 
                                                                                                                      (3.3d) 
Where NIE is net import electricity and TDES is total production of electricity. In terms of SSR, 
the higher the value the  higher sustainability (energy security) and lower electricity sector risk 
due to less dependency on the imports of energy supply (see Figure 3.10 ). It can be seen that the 










































Figure 3.10: Self-Supply Sufficiency Rate for SADC Countries 
d) RE Share and Reserve Margin in Electricity Supply in SADC Countries 
Table 3.6 highlights the share of renewable energy in SADC member countries as of mid 2018. 
The majority of electricity generation in the region is highly dependent on fossil fuels despite of 
number of member states generate electricity  from renewable energy sources. However, as of 
2018 the region and  member states have increased RE share in the overall final electricity 
generation mix with South Africa leading the ladder (see Table 3.4).  In terms of reserve margin, 
it can be observed that seven of member countries had electricity deficit as of 2016. The other 
member countries had negligable reserve margins except for South Africa which had more than 
10,0GW. These negligable reserve margins are primary due to rapid electricity demand in the 
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 Table 3.6 Share of Energy Sources in Total Final Energy Generation (TFEG)in SADC Countries, 2016 
(CIA, 2019;Oliver et al, 2018) 
 
e) RE Share Targets and Interconnection in SADC Countries by 2030 
In order to promote the use of and increased access to modern clean energy services in the regional 
and national electricity supply in a sustainable manner, each member countries have to set up 
targets to be achieved by 2030 for the RE share in the final electricity generation as illustrated in 
Table 3.7. In addition, to increase regional and national energy security and reliability in electricity 
sector almost all mainlands member countries are interconnected  and are involved in international 
electricity trade except for Malawi and Tanzania which are expected to be interconnected with 
other member states by 2030. Leaning in the opposite direction. However, Madagascar, Mauritius 
and Seychelles, due to their geographical location, will always remain not connected to the region 
electricity grid. Furthermore, in terms of grid losses as shown in Table 3.7, it indicates that Lesotho 
followed by Angola have higher losses in the region with South Africa having the lowest among 
the member states. Hence, it can be concluded that the South African power grid has higher 
efficiency in the region. 
Member States Share of Energy Sources in TFEG (%) Reserve Margin (MW) 
Other RES Hydro Nuclear Fossil 
Angola 2,0 64,0 0,0 34,0 173 
Botswana 0,0 0,0 0,0 100,0 -200 
DRC 0,0 98,0 0,0 2,0 -261 
Eswatini 41,0 20,0 0,0 39,0 -177 
Lesotho 1,0 99,0 0,0 0,0 -70 
Madagascar 2,0 24,0 0,0 74,0 . 
Malawi 6,0 93,0 0,0 1,0 28 
Mauritius 14,0 7,0 0,0 79,0 . 
Mozambique 1,0 83,0 0,0 16,0 499 
Namibia 8,0 64,0 0,0 28,0 -275 
Seychelles 9,0 0,0 0,0 91,0 . 
South Africa 10,0 1,0 4,0 85,0 10012 
Tanzania 6,0 40,0 0,0 55,0 173.9 
Zambia 2,0 93,0 0,0 5,0 -620 
Zimbabwe 5,0 37,0 0,0 58,0 34 
SADC 7,0 48,2 0,3 44,5  
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Table 3.7: Regional and National Targets in  SADC Member States by 2030 (SACREEE, 2018) 
 
3.3.4 Electricity Affordability 
According to literature (Aleh & Jessica, 2014), for electricity to be considered as being affordable 
the following conditions have to be fulfilled:  
• The electricity tariffs should be low as compared to household income, i.e. the household 
should be able to afford their electricity bills. 
• The electricity tariffs should be low as compared to other alternative prices of competitor, 
i.e. the price of electricity should be lower than other option such as woodfuel, traditional 
fuels, fossil fuels etc. 
• The electricity tariffs should be low enough to ensure the energy import bill is small 
compared to export earnings,  
• The electricity tariff should be high enough to ensure sufficient benefit and profitability for 
independent Power Producers and Utility Companies i.e. the tariff should be able to reflect 
 
Member States Renewable Energy Targets Transmission and Distribution Losses (%) Interconnections with other countries 
Angola Increase in RE capacity by 2025 as follows: 
§ Small Hydro:100MW with 60MW for municipalities 




Connected to; Namibia 
Botswana 100% access to modern energy services by 2030 
Capacity increase expected from REFIT programme 
15% RE share in final energy consumption by 2025 but may increase to 20% 
3,7 
Connected to; South Africa, Zimbabwe 
DRC 60% overall energy access by 2025 9 
Connected to; Zambia 
Eswatini 50% RE share in Electricity Consumption by 2030 
60MW intermittent resource by 2030 e.g solar 
6 Connected; South Africa, 
Mozambique 
Lesotho Targets pnding completion of Sustainable Energy Strategy 2018 11 Connected to; South Africa 
Madagascar 85% RE Share in final energy by 2030 - Island 
Malawi By 2025/2030 
307% access to electricity 
100% use of efficient  cook stoves in off grid households 
6% RE share in energy mix 
Biofuels mandate of 20% ethanol and 30% biodiesel 
6 
Not Connected 
Mauritius 35% RE Share in electricity generation by 2025: 
Bagasse:17% 
Wind:8% 






Mozambique 400MW increase in installed RE capacity by 2024 
Wind:150MW 
Hydro:100MW large\scale & 100MW small scale 
6,4 Connected to; Zimbabwe, South 
Africa, Eswatini, South  Africa 
Namibia 70% RE share in  electricity generation by 2030 3,2 Connected to; South Africa, Zambia, 
Angola 
Seychelles 5% RE share in  electricity generation by 2020 & 20% by 2030 - Island 
South Africa 21% RE Share in electricity generation by 2030 
17.6GW solar capacity by 2050 
37.4GW wind capacity by 2050 
0,1 Connected to; Zimbabwe, 
Mozambique, Botswana, Namibia, 
Lesotho, Eswatini 
Tanzania 5% RE share in electricity generation by 2030 6,0 
Not Connected 
Zambia 200MW increase in RE capacity by 2020 6,2 Connected to; Zimbabwe, Namibia, 
DRC 
Zimbabwe 16-5% RE Share increase in overall 
1100MW increase in RE capacity by 2025 
2100MW increase by 2030 
2400GWh increase in RE generation by 2025 
4600GWh increase in RE generation by 2030  
(26.5%overall increase)  
4 
Connected to; Zambia, South Africa, 
Mozambique, Botswana 
SADC 71% by 2025, 85,5% by 2030 Regional Electricity Access targets 
39% Regional Renewable Energy Mix  target in the grid 
7,5% Off-Grid share of RE as per total grid electricity capacity 
15% Energy efficiency % savings achieved from grid consumption 
5.97 ü  
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambi 
 
 95 
the real value of the electricity supply. In short the electricity price should take care of all 
the value chain cost of electricity supply (Production, Transmission/Distribution and other 
cost of the industry) (WEC, 2007). 
This dimension investigates the electricity affordability of SADC countries considering the 
following affordability indicators and criteria; Electricity Prices, GDP per Capita and Cost of 
Electricity Supply (i.e. the amount expenditure on electricity as compared to national GDP) 
a) Electricity Tariffs 
Figure 3.11 shows the average electricity tariff in SADC member countries as of 2018. Electricity 
price affordability is higly dependent on the subsidy incentenced.For instance, the lower the 
electricity price, the higher are government subsidies, this tends to pose a burden on the  
government expenditure. It can be seen that Namibia has the highest overal electricity tariff in the 
region with the majority being less than US$c10/kWh. This low price indicates that in many SADC 
member countries electricity is highly subsidied by the government. Low electricity price is not 
attractive for private investment. The low prices are some of the major hinderance to sustainable 
electricity industry development in the region. However, with the set  regional plans for the 
member countries to reach cost reflective prices. It is expected that the industry will attract many 















Figure 3.11: Electricity Tarriffs in SADC Member, 2018 (ERB, 2018) 
b) GDP per Capita  
On the overall the GDP per capita indicates the buying power of the citizen, thus countries with 
lower GDP per capita would mean that citizens have less buying power. In terms of electricity 
affordability this plays an essential role in ensuring that the household does not spend most of their 
income on electricity.  From figure 3.12, it is clear that the majority of member countries are facing 
challenges due to the population having less buying power. This has called for a need for 
government subsidies  so as to make electricity affordable to the general populace.   
Electricity Price (US$/kWh)




Figure 3.12: GDP per Capita in SADC Countries, 2016 
c) Real Cost of Electricity Supply(RCES) 
Real cost of electricity supply is defined as “ the ratio of the proportion of real GDP not dedicated 
to cover the net electricity supply expenditures (NESE) to real GDP (RGDP) or it is one minus the 
share of GDP dedicated to cover the cost of  the electricity supply (ES)’’ (Dakpogan & Smit, 
2018). The criteria measures the ability of the SADC countries to reduce the RCES and  the 
vulnerability of member states to high RCES. The higher the RCES shows the country’s ability to 
reduce its RCES whereas low values shows the exposure of the country to high RCES. RCES is 
estimated using equation 3.4 given below. 
                                                                                          (3.4) 
Where ES is estimated by firstly converting the total electricity supply into barrel of oil equivalent 
(bbl) and multiplying it with the annual real average crude oil price (COP) given in US$ per bbl.  
Figure 3.13 below indicates the RCES for SADC member states as of 2019 at COP of US$59.06 
per barrel (1kWh=0,006 Barrels of Oil Equivalent) (OilPrice, 2019). Apart from South Africa, it 
can be seen that the SADC member countries have RCES above 80%. As earlier mentioned this 
shows that the member countries have the ability to reduce their RCES. In short this indicates that 
































Figure 3.13: Real Cost of Electricity Supply of SADC Countries 
3.4 RE Support Policies for Enhancing Energy Sustainability in the SADC 
Countries 
To ensure private sector participation in electricity industry and successful development and 
dissemination of  renewable energy technologies (RETs) programs in the SADC region and also 
to stimulate investment in RETs, the SADC member countries  has set a number of additional 
incentives and RE support policies which include (see Table 3.7): 
• RE Targets 
• RE in NDC or INDC 
• Regulatory Policies 
- FiT/ Premium Payment  
- Electric Utility Quota Obligation  
- Net Metering 
- Grid Code Revisions 
- Tradable RE Credit 
- Tendering 
- Capital Subsidy’ Grant or Rebate 
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- Investment /Production Tax Credits 
- Reductions in Sales, Energy  CO2,VAT or other taxes 
- Energy Production Payment 
- Public Investment Loans or Grants 
3.4.1 Policies on Renewable Energy Technologies  
As illustrated in Table 3.7, it appears that all SADC member countries have progressed to 
establishing policies on RE technologies. However, these policies vary according to the country 
targets and goals set in the national master plans. 
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Angola  §  §   §  §  §   §    §  §   
Botswana §   ü       §      ü  
DRC §               
Eswatini ü  §     §  ü   ü       
Lesotho §  §  ü   ü     ü      ü  
Madagascar §  §  ü     ü   ü       
Malawi §  §  ü    §  ü   ü    ü   ü  
Mauritius §  §  ü   ü   §   §  §   ü   ü  
Mozambique §  §        ü       
Namibia §  §  ü   §     §       
Seychelles §  §    ü   ü   ü    ü   ü  
South Africa §  §   ü  §  §  §   §  §  §  §   ü  
Tanzania  §  §   ü  ü  ü   ü  §   ü   ü  
Zambia §  §  §    §  §   ü  §   §   ü  
Zimbabwe §  §  ü   ü  §    §  §     ü  
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3.5 Conclusion  
In this paper a comparative analysis of 15 SADC member state in terms of their ability to provide secure, 
affordable and environmentally sustainable energy system was conducted. The sustainability assessment 
of  SADC countries’ electricity Industry was conducted based on the following electricity sector 
performance indicators  and criteria; electricity supply and demand affordability of and access to 
electricity and environmental social impact of a member state’s electricity production and use, diversity 
of electricity supply, quality of supply, and affordability of electricity. The following summarizes the 
finding of the study; 
The SADC region member states’ economy is highly dependent on commodity, thus due to decrease in 
commodity price on the international market experienced in the past few years the economy of many 
SADC countries experienced a drastic decrease.  
- Currently,  access levels of electricity particularly in rural areas in SADC member states have still 
remained a challenge. SADC region has a population of approximately 341 million people with 
only about 48% of the total household having access to electricity. According to SACREEE (2018) 
the majority of the population lives in rural areas. However, out of the total population living in 
rural areas only about 32% have access to modern energy services leaving the majority to depend 
on wood fuel and other traditional energy sources for their household energy needs.  On the other 
hand, of the total urban population only 75% of the household have access to electricity.  
- SADC  member countries have setup RE targets to be achieved by 2030. Assuming that the targets 
set by SADC member countries are realized as planned by 2030, it is expected that low-carbon 
renewable energy technologies (RETs) would contribute significantly to the future electricity 
generation mix and development of sustainable electricity industry in SADC region. Hence, it is 
expected that the future electricity industry in the  SADC region will go greener and clean as 
compared to present status. 
- According to the electricity prices practiced in the SADC region, it is clear that subsidies are highly 
practiced by many SADC member countries as one of the approaches to reach electricity 
affordability and also accelerate access to electricity among lower income households. However, 
the subsidy burden is leading to national budget deficits which is huge among SADC countries as 
seen  in Zambia during the period 2014-2017 when  the electricity deficit was covered  by 
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importing electricity from  neighboring countries at cost reflect price which did cost the utility 
company and the government huge sum of dollars.  It has also been argued that electricity tariffs 
within the electricity industry should  reflect the true value of electricity services and costs of 
electricity production, transmissions and distribution, including external benefits and costs of the 
industry, such as the environmental harms of greenhouse gas emissions. In theory, it is such prices 
that will drive efficient industry operational and investment decisions that maximize societal 
benefit.  
- SADC region and member countries have a vast potential of renewable energy source which can 
be tapped for electricity production for both rural and urban areas. This potential if utilized to 
produce electricity, the majority of SADC member countries without access to electricity would 
start benefiting too. In addition, if use of RET is combined with energy efficiency policies as stated 
in SADC member countries targets, the region could substantially avoid the situation that occurred 
in the past decade of electricity deficit in region and its members states. furthermore, the use of 
RE in the regional and national electricity generation mix, will result into delivery of better health 
services, better living standards of the population in urban areas as well as in rural areas which 
will tremendously be improved leading to sustainable and clean cities and communities.  
Most of the policies are based on addressing human basic needs such as increasing access to electricity 
and improving national or regional energy security. In developing countries like SADC countries,policies 
should consider environmental and social acceptability more as well as include electricity cost reflective 











4  THE IMPACT OF FEED IN TARIFF POLICY ON SOLAR PHOTOVOLTAIC 
DEPLOYMENT IN ZAMBIA 
Summary: The Zambian government plans to bring on board various policies to speed up the renewable 
energy systems implementation in the country. It is envisaged that the rapid renewable energy deployment 
will only be achieved by adopting Renewable Energy Feed in Tariffs (REFITs) and continued capital 
subsidies such as zero taxes on all the imported renewable energy products. However, implementation of 
such polices requires a huge budget expenditure by the government.  Hence, to assist the decision makers 
and policy planners to fully understand and identify which policies have greater economic impact in 
promoting rapid renewable energy systems implementation in the country, the paper uses a system 
dynamic approach for policy analysis within the renewable energy context. Furthermore, this paper 
provides a detailed policy analysis, using System Dynamics (SD), to simulate the impacts of subsidy and 
REFITs on solar PV implementation in Zambia.  The policy analysis takes inputs such as electricity price, 
cost of solar PV system, electricity emission factor, solar PV capacity factor, different Feed-in-Tariffs 
(FITs) and capital subsidy to provide an in-depth policy option analysis for the period between 2018 to 
2035. The results show that increasing either REFIT or capital subsidy is a better approach to attracting 
investment in renewable energy sector. Increasing the REFIT results in initial sharp and rapid investment 
in solar PV (e.g. 0MW-110MW for REFiT of 200$MWh-1) in the initial years of policy implementation 
as compared to increasing capital subsidies. However, for gradual long-term accumulation of solar PV 
capacity increasing capital subsidies is the best option. The combination of REFIT and Capital subsidies 
analysis indicate that, lower cost of policy promotion coupled with gradual and higher accumulation of 
solar PV capacity can be achieved at lower REFIT (70MWh-1) and higher Capital subsidy (61%). 
Therefore, this method can effectively and adequately guide, (policy planners) by providing a feedback 
on policy option, such as the policy cost expected to achieve the set capacity target. This method puts 
policy planners in a position to provide well spelt out set targets that the country can attain and the cost 
for achieving them.  
Keywords: System Dynamics (SD), Feed in Tariffs (FIT), Policy, Solar PV, Zambia 




Significant growth in the economy of Zambia has necessitated the need for more energy development plans 
the need for increased energy supply systems. In Zambia the only method currently being used is increasing 
the generation capacity of hydropower stations or bringing back to life the old hydropower stations. The 
country’s hydropower resource potential stands at over 6,000 Megawatts (MW) while the total national 
installed power capacity is at about 2,876 MW. The options regardless of how good the might be, have a 
major drawback. The drawback is that, the conventional hydropower generation takes about 15-30 years 
lead time to construct, which in certain instance may not correspond with the rapid demand in electrical 
energy. Thus, to address rapidly the energy challenges, the deployment of alternative renewable energy 
sources may provide the best option. To do this, there is need for favourable renewable energy policies to 
be in place.  In Zambia, the plan in achieving these options is a sustainable policy implementation to speed 
up the increase of renewable energies in the country particularly in the area of solar renewable energy. To 
that effect, several policy plans has been developed in Zambia. One of the most recent policies on renewable 
energy is that of the Renewable Energy Feed in Tariffs (REFITs). Within the ambit of this policy, the 
government envisaged that the renewable energy development and deployment will only be achieved by 
adopting REFITs and, by association, continued zero taxes on all the imported renewable energy products 
into the country. The renewable energy feed in tariff paper of 2017 echoes that “having a dedicated REFIT 
strategy shall aid the development and expansion of the renewable energy sub-sector in Zambia. This is 
particularly important because small scale renewable energy will become an important element of the energy 
generation mix in Zambia. The REFIT approach will allow for alternative ownership, management and will 
also provide an opportunity to empower local entrepreneurs and communities”. This has attracted the public 
as well as private companies to invest in renewable energy systems and encourage more participation of 
independent power producers (IPP) in the sector. REFIT in Zambia is regarded as a policy mechanism that 
promotes the deployment of renewable energies and places an obligation on specific entities (such as 
ZESCO) to purchase the output power from qualifying renewable energy generators at pre-determined 
prices.The pricing, of course, depends on the country’s penetration level of renewable energy and the ability 
of the government to subsidize the whole process of deployment to implementation. Overall, the REFIT 
programme will be implemented within the existing legal framework through the various Acts of Parliament 
which govern the resource management and development for the energy sector. These pieces of legislation 
include among others; the Constitution of Zambia (Amendment Act No. 2 of 2016), The Electricity Act No. 
15 of 1995, the Energy Regulation Act No. 23 of 2003, the Rural Electrification Act No. 20 of 2003 and the 
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Zambia Public Procurement Act No. 15 of 2011. This paper provides a detailed analysis (using system 
dynamics) on the benefits and non-benefit of REFIT policy and capital subsidy on renewable energy 
development in Zambia (solar PV in particular).  We must make mention here that this model is country 
specific and is based on a complexity of the energy sector, power generation dependency as well as set 
targets of the country.  
4.2 Literature Review 
4.2.1 Renewable Energy Perspectives   
Despite a standardized process that drives the implementation of REFIT projects, REFIT projects are 
sometimes differentiated by the technology and the project size. Several projects in Zambia, we must make 
mention, and within the context of renewable energy, are eligible for REFIT. The projects eligible for REFIT 
include solar PV, hydropower and biomass with the project limit size of about 20 MW for individual 
projects. Figure 4.1 a first 55MW IPP utility-scale solar power plant in Zambia commissioned in 2019. 
 
Figure 4.1: A 55 MW IPP solar power plant in Zambia (Times, 2019) 
Also, renewable energy projects, as point of departure, are largely associated with monetary benefits that 
the promise. The REFIT pricing factors associated with renewable energy project are usually driven by the 
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cost and value-based approaches. Basically, the successful development of any renewable energy project is 
closely linked to the returns it offers and policy set out by the government. Several arguments, both in 
academic and in public, have arisen regarding the Feed-in- Tariffs.  Scholars, on one hand, have proposed 
that it is necessary for REFIT to be high enough so that recovery of cost can be achieved. For instance, 
Dusonchet and Telaretti, (2010) proposed that the REFIT must be high enough to recover the investment 
cost within a reasonable timeframe (Dusonchet and Telaretti, 2010). On the other hand, Ruther and Zilles, 
(2011) argue, to the contrary, that REFIT should be small enough to avoid enforcing a big financial burden 
on the states (Ruther and Zilles, 2011). Shahmohammadi et al., (2014) analysed the long-term FIT policy 
effect on renewable energy funding in Malaysia (Shahmohammadi et al., 2014). The model they proposed 
showed that funding a stock for renewable energy sources does shrink exponentially. In the same model, 
the authors conducted a sensitivity analysis for the recommended reduction in FIT rate or increasing 
surcharges on electricity bills. Hejazi et al., (2016) developed a model as a virtual laboratory in which policy 
makers could assess the effects of different policies and also assist them in implementing more efficient 
budget systems towards sustainability in electricity generation (Hejazi et al., 2016). In the model, the author 
showed that the policy makers could carry out forecast the future conditions of renewable energies in Iran 
under different circumstances created in different periods. Moreover, their study analysed the influence of 
policies on energy development and provided suggestions for policy making. 
4.2.2 The Zambia REFIT Policy Scenario  
Zambia has outlined new energy development goals and policies towards achieving an Integrated Resource 
Plan (IRP) during the period of 2017-2030 in the Seventh National Development Plan (7NDP). Even given 
however, like all the other past plans, the policy planners have not been in a position to provide well spelt 
out set targets that the country can attain by the year 2030. Ideally, and taking into consideration favourable 
factors, Zambia should be more focused on goal realisation, setting the country targets that will be measured, 
cost for achieving them, and evaluating the policy results. 
To achieve the 7NDP with the theme “Energy for All in Zambia”, efforts must, we suggest, venture into 
decentralized renewable energy solutions such as stand alone, mini grid and grid tied systems. We must 
make mention of the fact that of all the renewable energy systems solar PV is the most considered and 
probably one seen as the most viable option. With solar PV, the government of Zambia hopes to attain the 
solar PV set target of 600 MW by 2030 through decentralized systems. Backed by research, it anticipated 
that decentralized sources will play a vital role in achieving universal access to modern energy services by 
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2030 which is a set target within the sustainable developmental goal (SDG) 7 on energy (IRENA, 
OECD/IEA and REN21, 2018). It is envisioned that; to achieve these benefits, tailored policies are needed 
to support the deployment of decentralized renewable systems to accelerate the pace of energy access across 
the globe. The national energy access plan should consider both on grid and off grid solutions to reach 
universal access in a timely manner. REFIT has been adopted in Zambia as a means of minimizing the 
obstacles towards increased private sector involvement in the power generation from renewable energy. In 
Zambia, through the REFIT policy, the power generation from renewable energy has been proposed to be 
done in two phases (Mwila, 2015). To begin with, phase one will be achieved in the medium to long term 
and short-term goals. In fact, phase one will concentrate on increasing the power production so as to 
contribute in creating a diversified energy mix and increased energy security in the country. Overall, phase 
one will provide an initial allocation of 150 MW for the REFIT program of which 100 MW hydropower, 
50 MW non-hydro, with room for revision, and as well provide 10 MW micro-generation. Phase two will 
be implemented after the first 3 years of phase one (Mwila, 2015).   
4.2.3 Stakeholders In The Zambian REFIT Programme  
The principle stakeholders in the implementation of the REFIT policy in Zambia include the Ministry of 
Energy (MoE) in-charge of the energy policy formulation and implementation of the country. The Energy 
Regulation Board (ERB) as the national independent energy sector regulator is responsible for ensuring 
reasonable return on investment for utilities, ensuring quality of service at affordable prices for the 
consumers, licensing of utilities, setting of tariffs and monitoring the market competition.  ZESCO stands 
as a state- owned public utility involved in generation, transmission, distribution and supply of electricity in 
the country. All these entities work together in the formulation and implementation of policy. They are the 
key stakeholders when it comes to the REFIT programmes.  
4.2.4 Overview of System Dynamics (SD) and Policy Modelling  
As a background, SD over the years has proved to be a good tool in modelling systems with long and short-
term changing variables. In essence, this makes it suitable for energy policy investigation as proposed by 
this study. Literature, according to Ford, 1999, points out that SD is valuable modelling tool for policy 
analysis in any organization. Be it government and power companies. Within the influence of system 
dynamics modelling, Hsu, 2012 assessed the effect of capital subsidies and FIT on solar PV installation 
using SD model to simulate the economic benefit of policy combinations (Hsu, 2012 ). Also, Aslani, et al., 
(2014) developed an SD model to simulate renewable energy generation based on different scenario policies 
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in Finland  (Aslani et al., 2014 ). Sheikhifini , et al., (2014) applied SD method to model the impact of 
policies on the expansion of wind resources, combined heat and power, and photovoltaic resources 
(Sheikhifini et al., 2014). Hou, (2015) designed a GPU based system and developed a combinational fast 
algorithm, which was used to enhance the simulation speed and improve the simulation efficiency of 
complex system  (Hou, 2015). In the next section we present the methodology used in this study and any 
variable that were taken into account.  
4.3 Methodology  
4.3.1 Model   Validation 
Model validation is vital for the precision of the model and credibility to depict the real scenario of the 
existing policies in the country. According to Barlas, model credibility has two aspects; structural and 
behavioural aspect which involves the examination of a meaningful description of the real relations of stock 
flows as well as the dynamic patterns generated by the model. These need to be close enough to the real 
dynamic patterns in concern. The model was validated using expert view from the Ege University. They 
were engaged and consulted to validate Figure 4.8 of the model based on Turkish involvement in renewable 
energy technology. Also, the study and the designing of this system was compared to other working models 
from Ege University for Turkey. The individual stock flow equations and CLDs were examined using 
available knowledge from reviews and previous studies by the authors with respect to their findings on 
renewable energy in Zambia. A consensus was then reached after adjusting the model in accordance with 
the implementation method of the solar projects in the Zambia. 
4.3.2 Model Structure and Development  
This research analyses the effectiveness and efficiency of the REFIT policies in the promotion of solar 
energy. Additionally, a solar PV technology customized model was used in analysing the impact of REFIT 
and subsidy policy on the renewable energy deployment in Zambia. Historical data that was used in this 
paper was limited to two years. That is the period the REFIT program was in existence in Zambia. A system 
dynamic model was applied to simulate the impact of capital subsidy and REFIT policies on the solar PV 
deployment and implementation in Zambia. This was in line with the fact that both initial REFIT prices and 
capital subsidies offered by government generally had a direct influence on public desire to invest in 
renewable energy systems. This model illustrates the impact of REFIT policies on solar PV implementation 
and government policy promotion cost. Also, the relationship between solar PV accumulation and cost of 
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policy promotion by government were analysed for the period of 2016 to 2035.  The simulations were 
carried out in several scenarios settings using capital subsidy proportion and REFIT price as the main 
essential variables for solar PV system implementation. The simulation was developed in form of a stock 
and flow equations as shown in equation 4.1. 
                                                     (4.1) 
where; t is the current time stock, (t0) is the initial REFIT value and flow is the annual REFIT price reduction  
4.3.3 Scenario Setting and Terminology 
Generally, capital subsidies and initial REFIT price offered by governments as energy rebates to 
independent power producers usually have direct impact on the public to invest in solar PV systems. The 
following are the model terminology  
• Capital Subsidies; the total investment cost of solar PV power plant implementation comprises of 
system equipment cost and local costs, mostly government charges (i.e. import duties, value added 
taxes, land costs). These costs affect the interest on bank loans obtained by renewable energy 
independent power producers (IPPs) to purchase the PV power plants equipment and pay 
government charges. For instance, in Zambia, the government tax charge is at 61% of system 
equipment total costs. Such high charges will result into increased initial investment cost of the 
PV power plant. Also, the high rates may incur increased interest on bank loans for the IPP 
investors. Lowering the initial investment cost, for example, by exempting or lowering 
government charges, reduces overall investment cost of installing solar PV power plant and by 
extension affordability and usage of the technology. The usage of the technology will improve the 
overall returns on investment (ROI) for the investor. The net effect of such is that it will, by 
extension, increase the willingness for the public (investors) to invest more in Solar PV power 
plants. With increased willingness to invest in the solar energy technology by the public, the 
accumulative solar power plants installation in the country increases. Within this narrative, it is 
prudent to argue that when government capital subsidies are high on the solar energy technology 
the installation rate of such technologies will increase leading to a high ROI. On the contrary, a 
high importation and manufacturing taxes will lead to reduced solar PV installation which may 
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the cost of PV system depends on the technology progress and accumulation of cost reduction, 
with increased progress in the implementation of the technology. When such happens, the overall 
cost of implementing the technology reduces. The government tax for RES development depends 
on the total investment cost of the system which is a proportion to the initial investment cost. 
                    (4.2)     
 
• REFIT Price; the REFIT is a mechanism that ensures investors’ long-term financial stability for 
their investment in renewable energy technologies (RETs). It ensures the investment guaranteed 
minimum price for the electricity generated by the project payable to the investor. In the crux, 
REFIT provides an assurance and financial reliability for the investors of RETs by reducing 
investment risks. A good or higher REFIT increases investors’ willingness to invest in RETs, i.e. 
the higher REFIT prices increases ROI for the project leading to more profit for the investment.  
High capital subsidies and REFIT, on one hand, enhances ROI on the renewable energy investment 
of the renewable energy independent power producer and the public, triggering the willingness to 
invest more in the sector.  High REFIT and low capital subsidies, on the other hand, means huge 
government expenditure budget on policy promotion. Within the ambit of this study two factors may 
lead to increased overall cost of policy promotion on solar PV implementation as the accumulative 
capacity grows. These are the REFIT price and capital subsidy. As the accumulative capacity for 
solar PV systems increases and given the fact that the REFIT or subsidies are not decreased with 
increase in capacity, the cost or the expenditure by the government to cover the promotion costs also 
tends to increase with time. This may lead to excess installation of RETs which might require further 
expansion of the grid. The essence or focus of this model is to determine the effect of REFIT and 
capital subsidies on renewable energy installation in an emerging economy like Zambia. Within 
such locality, there is a need to analyse the impact of both initial REFIT and capital subsidies 




Accumulation of cost Reduction
World Technology Progress
Tax for RES Development ProportionBudget Availability
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A total of 49 scenarios were analysed, 9 on initial REFIT price (FIT70-FIT200), 8 on capital 
subsidies (subsidy 0-subsidy 61) and 32 on the combination of initial REFIT and capital subsidies.  
In the analysis, the initial FIT price was reduced annually to avoid long term impact on government 
expenditure, while initial capital subsidies were kept constant during the analysis. Essentially, the 
annual FIT price reduction depends on technology progress in terms of capacity factor, cost of PV 
installation, annual return on investment and the fixed upper limit of ROI by the government. 
                 (4.2) 
 
4.3.4 Effect Of Initial FIT On Solar PV Implementation 
In this section the simulation of initial REFIT price on the solar PV deployment is analysed for Zambia. 
Taking into consideration, factors such as proposed REFIT, current electricity price (CEP) and REFIT price 
used by other African countries are adopted. Each parameter in analysing solar PV implementation in 
Zambia, as shown in Table 4.1, was assigned an initial parameter in the simulation. In the scenarios of FIT70 
to FIT200, nine (9) different initial REFIT price values in the range of 70 $MWh-1-200 $MWh-1 as shown 
in Table  4.2 were adopted to analyse the impact of different initial REFIT price on achieving the solar PV 
accumulation set target of  600 MW between the period 2018 and 2035 with fixed upper limit of ROI (7.5 
%) and 61 % capital subsidy. Also taken into account, in this model, was the fact that, the investor has to 
pay 0 % (i.e. no payment of 16 %VAT, 25 % duty clearance, and 20 % AIT/SG) of the solar PV system 
initial investment capital cost to the government. The government of Zambia’s proposed REFIT price of 70 
$MWh-1 was used as the lowest value, while current electricity price (of approximately 100 $MWh-1) as 
average value and the REFIT price of 200 $MWh-1, based on other African countries, as the highest value.  
TABLE 4.1 Parameter For Analysing Solar PV Implementation In Zambia 2019-2035 





FIT PriceAnnual Reduction of FIT price
(FIT Price)
Annual ROI
capacity factor of PV system
Total cost of PV installatio
Upper Limit of ROI
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Installed Solar PV Systems 1000kW (1.0MWp) CEC 
Initial Solar PV System 1000kW(1.0MWp) CEC 
Average Cost of Solar PV System in Zambia US$1550/kWp Calculated 
Solar PV System Capacity Factor 20% IRENA,2018;NREL,2017; 
IRENA,2015;RealClearEnergy,2019 
Solar Radiation 5.54kWh/m2-day Meteorological Department/PVGIS 
Electricity Emission Factor 0.619kgCO2/kWh Emissionfactor.com 
Electricity Price US$100/MWh Zesco 
Feed-In-Tariff US$70/MWh ERB 
Subsidy; 16%VAT, 25%CD, and 20% AIT/SG 61% ZRA 
TABLE 4.2 Initial FIT Price for Scenarios FIT70-FIT200 
 
4.3.5 Factors Affecting Renewable Energy Development  
Causal loop diagram (CLD) aids in the visualization of how different variables in a system are interrelated. 
The links marked positive indicate a positive influence of the variable and it means that the two nodes 
change in the same direction while the negative indicate a negative influence of the variable. The most 
distinctive feature in the CLD is its closed cycles. The closed cycles are defined as reinforcers or balancing 
feedback loops. shows the CLD for the implementation of solar PV in Zambia, the loops L1 and L2 in the 
diagram are cycles in which the effect of variation in any variable, propagates through the loop and returns 
to the variable (reinforcing the initial deviation). The positive reinforcing loop L1 shows that the amount of 
installed capacity will affect the amount of renewable acceptance all the way to the investment as highlighted 
in green on the Figure 4.2 green highlight. The positive “+” in the installed capacity indicates an increase 
which results in an increase in renewable acceptance. 
Scenario No. Proportion of Subsidy FIT Price ($/MWh) 
FIT70 61 70 
FIT80 61 80 
FIT90 61 90 
FIT100 61 100 
FIT120 61 120 
FIT140 61 140 
FIT160 61 160 
FIT180 61 180 
FIT200 61 200 
 




Figure 4.2: Casual Loop Diagram for Implementation of Solar PV projects in Zambia. 
4.3.6 Technology Acceptance  
Several factors exist that promote renewable implementation in a country. The first one is, the technology 
acceptance which refers to the pillars of sustainability i.e. economics, social and environmental acceptance. 
Therefore, the three (economics, social and environment) are envisaged as the pillars that make up 
technology sustainable. Considering loop L1 in Figure 4.2, the injection of a micro finance tends to support 
investor trust and technology acceptance. In Figure 4.2 the loop indicates the impact the REFIT and Zero 
tax has on the development of Renewable energy technology.  An increase in investment causes an increase 
in the technology deployment causing a rise in the installed capacity with an implementation delay. The 
cause tree diagram in Figure 4.3 shows how the tendency to invest triggers policy that promotes technology. 
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acceptance. Therefore, an increase in installed capacity results in an increase in technology acceptance. This 
will lead to better decision making and better policy formulation. This will lead to greater technology 
promotion.  
 
Figure 4.3: Tendency to Invest-Cause Tree. 
4.3.7 Technological Learning 
The second one is based on the learning rate of the technology. As matter of fact, Figure 4.2 shows that 
installed capacity is directly proportional to technology learning rate. Actually, an increase in installed 
capacity may trigger an increase in technological learning, this translates to an increase in experienced 
manpower, and it gradually reduces the capital cost based on learning curve calculated for a specific 
technology. Technology learning is directly proportional to capital cost per kW. This means that reducing 
the capital cost per kW would also attract local investment in the manufacturing of technology as opposed 
to importing the technical products. This would cause the share in ROI to be lower for new investors. The 
loop therefore in essence means that the higher the ROI and the more tendency for the investors to invest in 
the technology (see Figure 4.5). An increased investor confidence will lead to an increased and better policy 
formulation and implementation strategies. When such policies are put into place, in this instance the REFIT 
policy, there will be an increase in renewable energy technology investment, more installations of RETs and 
increased capacity generation. 
 





capital cost per kW
FiT price per kWh
Interest rate












Figure 4.5: ROI -Causes Tree. 
4.3.8 Setting Targets 
 
Figure 4.6: Set Target-Cause Tree 
The third factor is related to the setting of targets. Following the balancing loop labelled Z1, in Figure 4.4 
Increase in RET installation will result in an increase in installed capacity which may cause a slow 
progression in the achieving the set target. This in essence will cause policy formulators to, probably, lower 
down the FIT rate. Lowering down the FIT rate may lead to a reduction in ROI of the renewable project, 
leading to less investment, less installed capacity and consequently slowing down the process of reaching 
the capacity set target. The Zambian scenario shows an interesting case, in that the set targets are unknown, 
leaving the policy makers without a benchmark in tracing the deployment of renewable energy. Such a 
scenario may result, probably, in the implementation of a fixed tariff even in circumstances of it not being 
profitable.  
4.3.9 Net Metering  
Net metering is a billing mechanism that credits solar energy system owners for the electricity that is added 
to the grid. When an investor contributes to the capacity of the grid, it is vital for the government to credit 
such an individual or organization. Actually, there should be enough funds for net metering purposes, so as 
to promote renewable energy development. Without prejudice, and we propose, non-availability of net 
ROI
Capacity factorWorld Technology progress
capital cost per kWTechnological Learning
FiT price per kWhSet Target
Interest rate
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metering in Zambia can cause a strain on REA planning, as REA mainly depends on donor funds and 
government budget for the undertaking of its installation projects. 
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Figure 4.8: System Dynamic Model for Simulating Cost of Solar PV Policy Promotion and Solar PV Implementation 
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4.4 Results and Discussion 
This section  present some of the results that were obtained using the simulation of the model in 
Figure 4.8. Figure 4.9 and 4.10 shows the simulation results for fixed capital subsidy of 61% and a 
variable initial REFIT. As seen in Figure 4.9, the highest accumulative solar PV capacity was 
achieved at higher initial REFIT as compared to a lower REFIT as expected from previous research 
in other countries. At proposed REFIT price of 70 $MWh-1, the accumulative solar PV capacity in 
2035 will promises to grow from the current 1 MW to 339 MW. Whereas, if the initial REFIT price 
was increased to current electricity price (CEP) of 100 $MWh-1, the accumulative solar PV capacity, 
after 16 years, will grow from the current installed capacity of 1MW to 332 MW. In a case where 
the government adopts initial REFIT price as other African countries (OAC) such as Uganda, and 
Kenya, i.e. at a value of 200 $MWh-1, the accumulative solar PV capacity will grow from the 1 MW 
of the current installed capacity to 484 MW in 2035.  The selected three initial REFIT price shows 
an average annual accumulative solar PV capacity of 21.19 MW (at proposed REFIT), 20.75 MW 
(REFIT at CEP) and 30.25 MW (REFIT at OAC). However, with REFIT between proposed and 
current electricity price, it is observed that almost the same solar PV accumulative capacity could be 
achieved, with the difference only in the initial years of policy implementation. The result as 
presented in Figure 4.9 shows that with an increase in initial REFIT by 10 $MWh-1 the increase in 
the annual average accumulative solar PV capacity of 16.15 MW in the initial year of policy 
implementation can be achieved which reduces every year due to REFIT reduction.    




Figure 4.9: Solar PV Cumulative Capacity at Different FIT Price 
Figure 4.10 shows the cost of solar PV policy promotion on the government budget. In general, as 
seen in Figure 4.10, increasing the initial REFIT price at fixed capital subsidy results in an increased 
government budget expenditure on policy promotion. As observed in Figure 4.9 and Figure 4.11, 
higher initial REFIT on solar energy system implementation may lead to increased investments and 
implementation in solar energy systems in the first years of policy roll out.  However, it can be seen 
that due to continuous reduction in the REFIT annually with increased accumulation of solar PV 
capacity, the public investment in solar PV will eventually reduce, decreasing government 
expenditure on policy promotion. In this study, considering the initial REFIT price in the range of 
70 $MWh to 100 $MWh-1, the highest accumulative solar PV capacity is given by the lowest initial 
REFIT price despite of giving lower initial accumulative capacity in the first year of policy 
implementation. Considering the cost of policy promotion on the government and long-term 
accumulation of solar PV capacity, the REA proposed REFIT of 70 $MWh-1stands as the best 
alternative for a long-term solar energy systems deployment. The proposed REFIT 70 $MWh-1 leads 
to higher cumulative capacity. This is because in this scenario, considering initial values, the REFIT 
price remains almost constant throughout the period of 2016-2035.  However, if the REFIT price is 
made to reduce continuously, low levels of investment attraction will be exhibited in the sector. 
Supportive analysis shows that investment is only high with good REFIT price. Reduction in the 
REFIT price will exhibit low investments. Further analysis suggests that an adjustment of proposed 
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REFIT price would attract more investments in the solar energy sector which would be essential to 
Zambia and by extension to the SADC region. For instance, adjusting the REFIT price to 90 $MWh-
1 could lead to deployment of more than 200 MW before 2022 with less cost of policy promotion 
since the REFIT price would still be below current electricity price of 100 $MWh-1. This would 
benefit the country’s economy by reducing dependency on imported and expensive energy (averaged 
at 170 $MWh-1) from other countries. 
 
Figure 4.10: Cost of Solar PV Policy Promotion at Different FIT Price 
 
Figure 4.11: Solar PV Cumulative Capacity and Policy Promotion Cost in First Year of Policy Implementation 
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4.4.1 Effect of Subsidy on Solar PV Implementation 
In these scenarios, eight (8) subsidy proportion were used; 0% (Subsidy 0), 16% (subsidy 16), 20% 
(subsidy 20), 25% (subsidy25), 36% (subsidy 36), 41% (subsidy 41), 45% (subsidy), and 61% 
(subsidy) based on the current government charges (16% VAT, 20% AIT/SG and 25% Duty 
Clearances) on the initial investment capital cost to all imported equipment for power plants were 
considered in the simulation. These subsidy proportions were taken into account based on the fact 
that all the solar PV system equipment are imported. Eight different capital subsidy proportion values 
in the range of 0-61% were applied in the simulation. That is in analysing the impact of different 
capital subsidy on achieving the government of Zambia solar PV accumulation set target of 600 MW 
between the period 2018 and 2035. The initial REFIT price and upper limit of ROI were kept 
constant at proposed REFIT of 70 $MWh-1 and 7.5% respectively. Figure 4.12 shows the simulation 
results, it is observed that an increase in subsidy rates results in an increase in accumulative solar PV 
capacity. The solar PV accumulative capacity trend shows that a linear correlation does not exist. 
However, the trend is different to that seen for the different initial REFIT prices. It is observed that 
when the capital subsidy is 61%, the predicted accumulative solar PV capacity grows from 1 MW 
to 1508 MW. Whereas, if the subsidy proportion is reduced to 36%, the accumulative solar PV 
capacity in 2035 decreases to 503 MW. Also, with zero subsidy proportion, i.e. decreasing capital 
subsidy from 36% to 0% the accumulative solar PV capacity decreases to 337MW. The results show 
that for every 1% increase in the capital subsidy proportion for the period of 16 years, approximately 
an increase of 19.20 MW in solar PV system could be achieved. Analysis of the accumulative solar 
PV capacity in 2035 based on initial REFIT and capital subsidy, shows that capital subsidies have 
greater influence in the long term as compared to initial REFIT price. Hence, the results indicate that 
increasing subsidy i.e. zero cost on imported solar PV system equipment has a greater influence on 
the tendency of the public to invest in solar PV project in the long term.   




Figure 4.12: Solar PV Cumulative Capacity at Different Subsidy 
In terms of the cost of solar PV policy promotion at various capital subsidy in 2035, Figure 4.13 
illustrates the values obtained within the subsidy range of 0-61%. The results show that the cost is 
in the range of 0-0.17million dollars when promoting solar PV policy at various subsidy rates. This 
is similar to the initial REFIT, which also increased the government expenditure on policy 
promotion.  However, as compared to increasing initial REFIT, increasing subsidy proportionately 
leads to less expenditure on cost of policy promotion while achieving high long term accumulative 
solar PV capacity. Figure 4.14 shows the accumulative solar PV capacity, accumulative CO2 
emission reduction, cost of policy promotion and average cost of CO2 emission reduction (see Table 
4.3). 
 
Figure 4.13: Cost of Solar PV Policy Promotion at Different Subsidies 





Figure 4.14: Solar PV Cumulative Capacity and Policy Promotion Cost in First Year of Policy Implementation 
TABLE 4.3  Comparison of Simulation Results for different Scenarios in 2035 
Scenarios 
Accumulative of Solar 
PV Capacity (MW) 
Accumulative of  CO2 
Emission Reduction (Mt) 
Cost of Policy Promotion 
(US$Million) 
Average Cost of Electricity 
Production($/MWh) 
REFIT 70 337,453 8,21331 0,169307 0,437575 
REFIT 80 325,245 7,91529 0,183015 0.438168 
REFIT 90 325,212 7,91449 0,198602 0.438685 
REFIT 100 331,535 8,06884 0,215222 0.439139 
REFIT 120 353,871 8,61410 0,250118 0.439910 
REFIT 140 382,703 9,31792 0,286163 21.16350 
REFIT 160 414,797 10,1014 29,61850 46.10110 
REFIT 180 448,774 10,9303 63,63390 73.95460 
REFIT 200 483,949 11,7895 102,2520 102.1180 
Subsidy 0 337,453 8,21331 0,000000 0.000000 
Subsidy 16 414,384 10,0870 0.052174 0.114041 
Subsidy 20 449,129 10,9395 0,061434 0.142616 
Subsidy 25 502,791 12,2494 0,072213 0.178375 
Subsidy 36 674,881 16,4210 0,095034 0.257220 
Subsidy 41 781,546 19,0991 0,106204 0.293148 
Subsidy 45 884,824 21,5754 0,116031 0.321936 
Subsidy 61 1507,62 36,5741 0,169307 0.437575 
4.4.2 Effect of Combination of Subsidy and Initial REFIT Price 
In most countries, across the global, governments usually adopt a combination of policies to attract 
investments in renewable energy technologies. Hence, analysing the impact of various policy 
combinations on the future set solar PV capacities targets and cost of policy promotion is essential 
to arriving at an optimum policy combination for the country. In this section, 32 different scenarios 
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(FIT70 subsidy 0% - FIT100 subsidy 61%) were conducted, to analyse the impact of various policy 
combinations on the solar PV implementation in Zambia. In all scenario simulations, the upper limit 
ROI was kept constant at 7.5% as in the previous scenarios. The initial REFIT price and capital 
subsidy were varied within the ranges of 70$MWh-1 -100$MWh-1 and 0% to 61% respectively. 
Indicative of this, Table 4.4 shows the combinations of initial REFIT price and capital subsidy for 
each scenario. 




Scenarios - New Renewable Energy Policy Combınatıons (%) 
Subsidy Proportion (%) 
Policy 1 Policy 2 Policy 3 Policy 4 Policy 5 Policy 6 Policy 7 Policy 8 
REFIT 70 0 16 20 25 36 41 45 61 
REFIT 80 0 16 20 25 36 41 45 61 
REFIT 90 0 16 20 25 36 41 45 61 
REFIT 100 0 16 20 25 36 41 45 61 
Figure 4.15-a to 4.15-h shows the simulation results of a 32-policy combination analysis for the solar 
PV system implementation and promotion. For the 32 scenarios conducted in this section, the 
accumulative solar PV capacities in 2035 show  interesting variations. As it can be seen from the 
simulations, and in the first years of policy implementation, increasing both initial REFIT price and 
subsidy results in higher accumulative solar PV capacities in the first years as illustrated in figure 
4.15-a to 4.15-h. 
  
Figure 4.15-a: SPVCC at Different REFIT                   Figure 4.15-b: SPVCC at Different REFIT 
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Figure 4.15-c: SPVCC at Different REFIT        Figure 4.15-d: SPVCC at Different REFIT 
   
Figure 4.15-e: SPVCC at Different REFIT           Figure 4.15-f: SPVCC at Different REFIT 
  
Figure 4.15-g: SPVCC at Different REFIT          Figure 4.15-h: SPVCC at Different REFIT 
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Figure 4.16d illustrates a comparison of solar PV accumulative capacity at higher and lower subsidy 
for different initial REFIT prices. It is seen that, despite lower solar PV capacities in first years of 
policy implementation, for lower initial REFIT price and higher capital subsidies a gradual increase 
and higher accumulative solar PV capacity in a long term as compared to higher initial REFIT and 
higher subsidies can be achieved as shown in Figure  4.16a-4.16d. Hence, considering an emerging 
economy country, lower REFIT price and high capital subsidy such as zero tax in all imported solar 
PV system equipment  proves to be the best policy combination for Zambia as it results in decreased 
overall cost of policy promotion by the government while balancing competing accumulation of 
solar PV capacity. 
    
Figure 4.16-a: SPVCC at Different REFiT                   Figure 4.16-b SPVCC at Different REFiT 
   
Figure 4.16-c SPVCC at Different REFiT                   Figure 4.16-d SPVCC at Different REFiT  




This paper has presented a comprehensive method for analysing renewable energy policy in the 
promotion of solar PV system implementation in Zambia. The study calculated the expected solar 
PV cumulative capacity and cost of policy promotion for the long-term solar investment at different 
REFIT and subsidy rates. The results do not only indicate the impact of initial REFIT and capital 
subsidy on accumulative solar PV capacity, but also show the potential cost of solar PV policy 
promotion, accumulative CO2 emission reduction and average cost of CO2 emission reduction. The 
results also show that increasing either REFIT or capital subsidy are a better approach to attracting 
investment in renewable energy sector. It can be concluded that increasing both REFIT and subsidies 
has greater influence in increasing willingness for public participation in the RET implementation 
but at government expense. Hence, a balance of both is a must. In the context of Zambia, a higher 
subsidy, such as a completely import duty exemptions and tax holiday for the first few years of 
project operation is necessary. This must be coupled with the REFIT price close to current electricity 
price to avoid huge policy promotion by government. The study found that increasing REFIT results 
in initial sharp and rapid investment in solar PV accompanied by higher cost of policy promotion. 
However, for a gradual long-term accumulation of solar PV capacity, increasing capital subsidies is 
the best option. The combination of REFIT and capital subsidies analysis indicate that, lower cost of 
policy promotion coupled with gradual and higher accumulation of solar PV capacity can be 
achieved at lower REFIT and higher capital subsidy. But to rapidly address the current electricity 
deficits in Zambia, increasing initial REFIT to about 90$MWh-1, at zero capital subsidies can help 
in quickly attain the set target (600 MW).  In summary, this study provides a method for policy 
implementation and an analysis on the impact of policy options while balancing competing 
government policy budget. The results will directly help the government and electric utility to 
recognize the policy combination potential in achieving government set targets and in the setting of 









5  RENEWABLE ENERGY POLICY AND THE FUTURE OF IMPORTED ENERGY 
DEPENDENCY IN ZAMBIA. 
Summary: Analysis and futuring of the impact of renewable energy policy on imported energy 
dependency in Zambia was simulated using system dynamics. A six stock system dynamics model 
and closed loop diagram was designed using  Vensim PLE.  The Zambia sustainable renewable 
energy policy (ZASREP) framework model provided a key role in the setting of RE targets for the 
country, analysis of the energy system and understanding of the relationship between the 
renewable technology deployment and imported energy dependency. More specifically, a future 
analysis of the energy requirements in Zambia in relation to the imported energy dependency was 
developed and analysed.The model had eleven ( 11 ) scenarios that were used to analyse or  assess 
the impact of the renewable energy generation on the Zambian imported energy dependency and 
system security.The analysis provided a feedback casual relationship between the dynamic factors 
such as imported energy dependency, energy demand, existing energy generation, gross domestic 
products and policies. The exogenous variables were based on the existing energy system and 
plans.Within the narratives of the change, this paper contended that Zambia should consider  
increasing the RETs share as follows:  15% of solar, 4% of wind, 3% of Biomass, 1% of small 
hydro, 1% of geothermal and 76% of large hydro as a more realistic and achievable target of the 
RE sector by the year 2035. It can also be concluded that the Policy  scenario 9 (P9) provides a 
system security for the country.P9 envision Zambia to be a chief exporter of energy in the region 
and lead to the country achieving system security. Furthermore, it leads to a rise in electrification 
access levels to above 35% of  SADC average electricity access compared to the current 22% 
level.Therefore, the model provided a solution to the existing gap in the Zambian  energy sector. 
Hence, the ZASREP model does not  only allow for testing different scenarios but provides a 
solution to policy makers to make informed decisions for the expansion of the energy sector and 
its  impacts  on system security and imported energy dependency.  
Keywords: System Dynamics (SD), Energy Dependency, Renewable Energy Mix, Sustainable 
Energy System, Zambia Sustainable Renewable Energy Policy 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 129 
5.1  Introduction 
5.1.1 Renewable Energy Policy and the Future of Imported Energy Dependency in 
Zambia. 
The levels of the economy, environmental concerns and social welfare of a country is affected 
directly by the energy security of that country (Aslani & Hiltunen, Renewable Energy Supply 
Chain Ostrobothnia Region and Vaasa City:Innovative Framework, 2013). The rapid increase in 
population, energy demands, frequency of droughts and the reality of global warming on the 
country has led to the policy makers in the SADC region to seek out solutions to the prevailing 
energy crisis (SADC,SARDC, 2016). In light of all this, policy framework2 on the new modern 
Renewable Energy Technology (RETs) deployment and increased energy security of a country is 
one of the mechanisms that would achieve the policy narratives of sustainable energy generation 
and demand. To this effect, Zambia highlights as one of the solutions for the country, is the need 
of an integrated resource plan in the Seventh National Development Plan (7NDP), (MNDP, 2017). 
The 7NDP stresses the need for developing frameworks and capacity building in the Zambian 
energy sector as a means of realizing a total adherence to achieving energy stability by the year 
(MNDP, 2017). To achieve this, different fundamental initiatives of which some are derived from 
the SADC energy baseline, have been adapted and to some extent implemented in a quest to have 
a stable energy system by the year 2030. Also, the desire to have other RETs, apart from the hydro, 
has been suggested and feasibility studies undertaken so as to support the already strained hydro 
power generation.  (SADC,SARDC, 2016).  
Previous studies by the authors on the review of the energy policies in Zambia have highlighted 
the fact that one of the challenges in the deployment of RETs in the country is the lack of 
coordinated energy policy and competing energy visions. A typical scenario of this is the setting 
of unachievable renewable energy development targets without setting tangible milestones of 
when to achieve and how to achieve them. For example, in 2015 Zambia failed to achieve 
anticipated energy growth of 40%. Rather, a well below the targeted achievement was observed at 
22% growth (SADC,SARDC, 2016). Usually, several challenges exist when setting up the RETs 
targets, partly driven by conflicting plans and priorities. Firstly, the plans on how to carry out the 
 
2A policy framework is defined as a document that sets out a set of procedures or goals ,which mighty be used in negotiations or decision making to guide a more detailed set of policies. 
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development of RETs and to meet the required targets are not clearly expressed by the policy 
makers and implementers. Secondly, there are no specifications on the proportionate ratios of the 
RETs that will be developed in order to attain the required targets. Lastly, lack of policy build-up 
on the previous policy plans, usually due to competing priorities and consensus by successive 
governments, has had an unimaginable consequence on the development of RETs.  For example, 
just in the past decade, Zambia has seen four governments with each having a different approach 
in handling the energy sector of the country.  (Bowa, et al., 2017).The Zambian energy sector has 
had challenges in the past decades and in this study analysis of the energy security and import 
dependence has been conducted using System Dynamics (SD). SD analysis has been used to 
understand the impact of renewable energy policies on the imported energy dependency. The 
policy scenarios provide a solution to one of the challenges that arise on target setting. The model 
developed, the Zambia Sustainable Renewable Energy Policy (ZASREP) Framework model, could 
be used to provide the most plausible energy targets that can be achieved as a country based on the 
current energy supply system and projected energy demand. In this study, eleven (11) different 
Policy scenarios have been developed and analysed based on the possible renewable energy 
resource availability of the country.  
This chapter discusses the impact of renewable energy on imported energy dependency and 
provides a future on the security of the energy supply in Zambia. The model is developed based 
on qualitative and quantitative analysis of the existing energy generation to the new renewable 
energy resource technology available in the country. The closed loop diagrams (CLD) and stock 
diagrams (SD) evaluate the Zambian sustainable RE policy (ZASREP) scenario on technology 
deployment and its’ impact on the energy sector in the country. 
5.2 Zambia Energy Exports and   Imports  
Zambia was once a leading exporter of energy in the SADC region until the mid year of 2015 when 
the country experienced a drastic decrease in the water levels at the Kariba dam due to erratic rains 
and increased energy demand (RECP).  
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Figure 5.3: Zambia energy export and import adapted from Indemux 
Figure 5.3 shows the exports and imports of energy in the country during the period 2000 to 2018, 
the graph shows a huge decline in the export from the 2975 million kWh to 110 million kWh 
during the year 2007 to the year 2013.  The exported energy maintained in the range of 200 million 
kWh during the period 2013 to 2017 and escalated to 1300 million kWh in 2017 and 1176 million 
kWh in 2018 respectively. The increase in these years was attributed to good rainfall pattern. 
During the same period the country still imported energy as shown in Figure 5.3. The graph shows 
a slight decline in the imports from the 403 million kWh to 33 million kWh during the year 2007 
to the year  2013.The imported energy shows a slight increase during the period 2014 to 2018 from 
23 million kWh in 2014 to 785 million kWh in 2018 respectively. The increases in import during 
these years is attributed to low water levels in the main power generating dams at Kariba, Itezhi 
Tezhi and Kafue Gorge Power stations (MoE, 2016). As a mitigation factor the government 
engaged independent power producers and utilities in the Southern African power pool (SAPP) to 
power purchase agreements (PPAs). This led to ZESCO importing between 250 MW and 402 MW 
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Table 5.1: ZESCO Imported Energy adapted from (MoE, 2016) 
Source  Average [MW] 
ESKOM (South Africa) 100 
EDM (Mozambique) 120 
Aggreko (IPP in Mozambique) 32 
Kapowership (IPP in Mozambique) 80 
SAPP DAM &IDM (Regional market) 70 
Total  402 
5.3 SADC Regional Targets 
The SADC RE regional targets vary according to the country as summarised in Table 5.2. The RE 
targets for the South Africa are 10,000 GWh by 2013 and 17,800MW by 2030, while Namibia 
have extended its set target of 10% by the 2011. Mauritius gives a clearly cut breakdown of the 
targets in each RE resource. Looking at the trend in the national policies, raises a concern and need 
for policy harmonization e.g. countries like DRC, Lesotho Malawi and Zambia can strategically 
align to the regional and international best practices to enhance the RE policy development. This 
research aims at achieving plausible RE policy targets for Zambia as one of the outcomes using 
the ZASREP model provided in this paper. 
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5.4 Methodology  
This research is based on System Dynamics (SD) analysis and Vensim PLE was used as a tool for 
analysis. SD is providing a platform for system thinking to study behavioural pattern and outcomes 
of complex systems (Sterman, 2000; Wolfgang, Hu and Leopold, 2013).Studies show that models 
give a simplified version of a real world system and useful tools to aid learning about associations 
of structures to the real world. According to Sterman, (2000), SD uses both cognitive maps, such 
as casual loop diagrams and simulation models. The simulation models, mathematical 

















Madagascar ü       10% of Generation by 
2019 
Malawi ü       6 % in Energy mix by 
2030 from 1% 
Mauritius ü  ü   ü  ü   35% from RE by 
2025 
17% bagasse 
8% wind  
4% waste  
2% solar, 








Solar - 597 MW  
Hydro- 5.4 GW 
Namibia ü   ü    ü  10% by 2011 
(extended) 
Seychelles ü       5% by 2020 ,15% by 
2030 
South Africa  
 
ü  ü  ü  ü    17,800GWh by 2030 
Revised IRP 
Tanzania  ü      ü  2000 GWh by 2020 
Zambia  ü  ü  ü  ü   ü  No Target  
Zimbabwe ü  ü     ü  300 MW added by 
2020  
100MW from solar  

















Angola ü        
Botswana ü  ü     ü  1% of Finial Energy 
DRC ü       Non- RE 
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representations are combined with interfaces that make the assumption about casaualities unique. 
Mathematically SD model comprise of series of integrals mostly referred to as stock or 
accumulations and derivatives reffered to as flows (Forrester, 1971; Sterman, 2000; Ford, 2009). 
The model is influenced by various variables categorised by tripple EEE (Exogeneous, 
Endogenious and Exclude). Exogeneous variables are variables given outside the model wheresas 
the endogeneous are variables that are derived from the model e.g the energy demad projection. 
Exclude variables are variables that are not included in the model. System Dynamics provides a 
potential method for decision support and has been used in studies to analyse policies for nations  
(Sterman, 2000). It provides a platform to analyse the future with help of specific scenarios. SD 
provides an interactive communication within the modelling process and makes the modelling 
process  transparent and intuitive. 
A critical review of RE policies of both developing and developed countries was done to provided 
primary information, thorough and guided input to the model as shown in the guiding process of 
the model. Consultations with expert personnels from ZESCO, REA, MWED, ERB with a visit to 
NEPAD offices were conducted. The secondary information was obtained from many official 
websites including ECA,United Nations,World Bank, SADC, ZESCO,ERB and REA. Figure .4 
model conceptualisation and guide to design an SD model,provided the steps understaken in the 
design of ZASREP. 
§ Step 1-The Zambian policies were reviewd for the period 1964 to 2017 and a review paper 
written on it. 
§ Step 2-SD  mode was designed using the  inputs from the review as aid to understanding 
the current energy trends of the country and status. This was achieved by anaysing the 
feedback structure of impact of RE on imported energy dependence and system security as 
shown in Figure 5.5 inputs included a closed diagram,mathematical equations and system 
checks to ensure no errors in the model. 
§ Step 3-sensitivity analysis and validation were done based on the data available on the 
energy sector and projection of the country demand and energy forecast. 
§ Step 4-decision was made by comparing various scenarios in the modelled policy 
scenarios. 
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§ Step 5- a conclusion as to the most plausible policy was done by  critically analysing the 
impact of each policy scenario on the imported energy dependency and system security. 
 
Figure 5.4: Model conceptualisation guiding process adopted from the system dynamics stages 
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5.4.1 Model  
The model concept was previously applied used   to analyse energy policy for Finland and the 
authors suggested that the model could be implemented in other countries (Aslani, Helo,and 
Naaranoja, Role of Renewable Energy Policies in Energy Depencdency in Finland:System 
Dynamics Approach, 2014).This model Figure 5.8 has then be designed for the SADC region and 
situational analysis for Zambia with stocks and closed loop been country specific. To understand 
the casual relationship and how the variables are intertwined in the model, a stock flow and cause 
tree diagram is extracted with the feedback loop showing the impact of RE on imported energy 
dependency and security as shown in Figure . The arrows in 
 
Figure  represent a causal relationship and Error! Reference source not found. shows the cause 
tree relationship between new RE generation and capacity of solar energy. All variables are 
indicated as labels in the model shown in Figure 5.8. 
 

































Figure 5.7: New Renewable Energy Generation -Cause Tree. 
 
Figure 5.8: Zambia Sustainable Renewable Energy Policy framework- System Dynamics model
Analysis of Error! Reference source not found., the number of increased solar system is 
illustrated as a function of variables of solar policy and solar new capacity plan. Advancement in 
better policies to promote solar the higher the increase in the solar new capacity plans. Increase in 
delay results in a longer solar new capacity plan resulting in a decreased number of solar systems. 
The box in the middle represent the capacity of solar energy as a stock variable, which accumulates 
over time. The decreased number of solar is a function of increased solar system and delay time. 
The capacity of solar is directly proportional to the new renewable energy generation causing a 
positive or negative impact on the imported energy dependency and system security of Zambia. 
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The model consists of 6 stock flow variables and each contributes positively or negatively to the 
new renewable energy generation causing a fall or rise in the dependency and system security. 
Though not assessed in this study this may lead to a rise or fall in the electrification levels and 
technology deployment in the country. The six stocks in the proposed model for sustainable RE 
policies in Zambia include capacity of solar, capacity of biomass, capacity of mini hydro, capacity 
of large hydro, capacity of geothermal and capacity of wind. The total new renewable energy 
generation is the sum of each renewable energy resource. A detailed analysis of one of the six 
stocks has been provided with reference to  
Figure . The study assumes that the depreciation   periods of renewable energy resources systems 
are 30 years for biomass,25 years for wind, 20 years for solar,15 years for mini hydro, 50 years for 
larger hydro and 25 years for geothermal. 
5.4.2 Model Validation 
One of the critical stages in system dynamics is the validation and sensitivity analysis as shown in 
step 3 of the model. The proposed model in this study was validated using the energy demand 
projections by ZESCO based on the base case and high case scenario of the period 2016-2030. It 
is worth noting that the model energy projection lies within the ZESCO projections and this gave 
model confidence to be used for analysis for the Zambian energy sector. Similarly, the model was 
tested against the imported energy dependency results with the actual ZESCO power balance sheet 
between the year 2016-2018.The main numerical data sources used where from validated 
documentation to highly classified SCADA system outputs from ZESCO, this boasted the 
confidence that actual raw data of the country was used and it does not stand out in isolation to the 
existing energy system in Zambia and the SADC regional as a whole. A causal relationship 
between the seventh national development plan of the country (7NDP), vision 2030 and 
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of the SADC regional policy harmonisation (MNDP, 2017) (SADC,SARDC, 2016).This model 
outputs matched the historical behaviour well and this provided an increased confidence as well 
as justification of the model to be used to analyse various scenarios.  
This gave a need for the model to address the need for energy system intervention to focus more 
on the investment in RETs in the country, explore the plausible future targets for the policy to 
enhance RETs deployment, lessen import of energy and ensure a systems security. 
5.4.3 Sensitivity analysis 
In the present research, the existing generation and the energy demand are the two of the most 
important variables in the simulation and it was critical that correct inputs were done. 
5.5 Simulation Results and Discussion 
Zambia sustainable renewable energy policy framework (ZASREP) model was used to simulate 
the impact of RE policies on the imported energy dependency and system security in the country.  
Illustrated the energy demand (projections) in Zambia during 2016-2035.The projection is based 
on the Zambian energy action plans, existing demand multiplied by a 5.7 % annual increase (MoE, 
2016) as shown in  
Figure 9. 




Figure 5.9: Projected Energy Demand in Zambia             
Figure 5.10: Projected Imported Energy Dependency 




Figure 5.11a: Imported energy dependency based on Policy 1 to 10 Scenarios 
The simulated results of the imported energy dependency in Zambia are shown in Error! 
Reference source not found. to Error! Reference source not found.a. The base case scenario 
(BCS) is the criteria that is used to compare with other scenarios. BCS helps to analyse the impact 
of each energy policy on imported energy dependency with regard to the existing generation 
supply and energy demand of the country. According to the BCS scenario the amount of generation 
from new renewable energy technologies will be negligible for the period 2016-2030, this was 
confidently arrived at as currently it contributes to less than 0.05 % of the generation supply of the 
country  (MNDP, 2017).Thus, the existing energy generation from local resources is assumed 
constant at 14.368 [TWh/year] with contributions from hydro at 14.042 [TWh/year] and coal at 
0,326 [TWh/year] respectively. This BCS scenario in Figure 5.9 shows that the imported energy 
dependency will proportionally increase to 28.167 [TWh/year] provided no new renewable 
technologies are added to the system and no El-Nino climatic effects experienced in the country 
between the year 2015-2017. During this period based on the BCS simulation results, existing 
generation capacity was able to meet the energy demand between 2016-2018 as well as export a 
surplus of 2.368[TWh/year] to 0.3[TWh/year] to neighbouring country via the Southern African 
Power Pool (SAPP). However, the country experienced a huge energy crisis due to drought that 
led to the Kariba dam levels to be low. This led to ZESCO importing energy of 2.1 [TWh/year] in 
2016,0.7 [TWh/year] in 2017 and 0.15 [TWh/year] early 2018. 
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The ZASREP framework model analysed various policy options, in this model 11 policy options 
were analysed provided a broader to narrowing scenario of the country based on the existing plans 
both at national and regional level. Table 5.3 below shows the various scenarios input to the model. 
This was so because Zambia as a country does not have specific set targets and analysing more 
policy options was one of the plausible ways to arrive at the tentative policy target options for the 
Country. Table 5.3 shows the various RE policy combinations and Figure 5.9 to Figure 5.11a 
shows the results as a result of implementing the policy combinations in the country 
Table 5.3: New Renewable Energy Policy Combinations based on energy plan and expert review 
 
Table 3, (Error! Reference source not found. to Figure a) summarises the scenario combinations 
and therefore much emphasis will be directed on scenario Policy 9 based on the authors view and 
simulation results. Policy 9 gives a plausible policy targets for the RE technology in the country. 
Following this policy and increasing the share of new renewable energy technology of solar by 
15%, wind 4%, Biomass 3%, small hydro 1%, geothermal 1% and large hydro to 76% provided 
all things remain the same and full operational of the existing system; Policy 9 sets Zambia to be 
the chief exporter of energy as opposed to importer as this would cause the dependency on 
imported energy to reduce. According to this policy, the trend will continue to be the same from 
the year 2016-2023 when the policies will be in effected and this will result in the sharp decrease 
in the year 2024 from 3.5 [TWh/year] in 2023 to 2.3 [TWh/year] resulting in approximately 34% 
decrease on the imported energy dependency of the country. The result is by 2030 the country 
would be a chief exporter with approximately 2.9 [TWh/year] of energy exported to 3.9 
[TWh/year] by the year 2035. This means that despite the projected energy demand increase at 
5.7%, introducing the new technology would make the country less dependent on the imported 
Source Scenarios - New Renewable Energy Policy Combınatıons (%)   
BCS Policy1 Policy 2 Policy3 Policy4 Policy5 Policy6 Policy7 Policy 8 Policy 9 Policy 10 
Solar 0 25 30 25 20 50 40 50 20 15 30 
Wind 0 10 15 5 0 0 5 1 2 4 4 
Biomass 0 15 15 10 1 1 10 1 3 3 2 
Small 
Hydro 
0 15 15 20 29 29 20 10 25 1 3 
Large 
Hydro 
0 25 20 40 50 20 25 40 50 76 60 
Geothermal 0 10 5 0 0 0 0 1 0 1 1 
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energy and thus make it self-sufficient, a chief exporter and also lead to the country achieving 
electrification levels above 35% SADC average electricity access. 
Figure 5.11b: Imported energy dependency based on Policy 9 as a most plausible RE policy Target 
5.6 Conclusion  
The research provides a systematic analysis of the impact of the new renewable energy technology 
on the imported energy dependency and system security in Zambia. A closed loop and system 
dynamic model for the Zambia sustainable renewable energy policy-ZASREP was modelled and 
steps highlighted to reveal the dynamic factors between the energy policy formulation, system 
security and the deployment of RETs. Eleven (11) scenario options ranging from the base case 
scenario to scenario policy 10 (P10) were critically analysed. A conclusion was arrived at that 
policy 9 (P9) provides the most plausible RE policy target of the country. The authors then 
conclude based on the results that the model can also be used to set the RE targets of the country. 
Zambia should look at increasing the RETs share to 15% solar, 4% wind, 3% Biomass, 1% small 
hydro, 1% geothermal and 76% large hydro as a more realistic and achievable target of the RE 
sector by the year 2035. It can also be concluded that the Policy 9 provides a system security for 
the country as the country would then turn to be a chief exporter of energy in the region and this 
would also lead to the country achieving electrification levels above 35% SADC average 
electricity access. ZASREP model does not factor in the climatic effect in the country, willingness 
to adopt the technology by various stakeholders but assumes that the sustainable pillars are all 
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balanced and in align with the seventh national development plan(7NDP), vision 2030 and the 
SADC/AU 2063 plan. This model was designed for the SADC region with a situational analysis 
for Zambia, with the stocks and closed loops been country specific. Therefore, this makes the 
model flexible to be used for both developing and developed countries.  





6  TECHNO-ECONOMIC ANALYSIS OF FUTURE ELECTRICITY GENERATION 
FUEL MIX FROM RENEWABLE ENERGY SOURCES IN ZAMBIA 
Summary: Zambia is endowed with plentiful of natural energy sources mix including fossil fuels 
and renewable energy sources.  The rapid socio-economic development coupled with highly 
uncertainty population growth and hunger to achieve universal energy access for all has led to a 
rapid increase in energy demand. This rapid increase including highly dependent on only one 
energy sources that exposes the electricity sector to power generation deficit during seasonal 
droughts has made the issue of energy diversification more prominent in the country. In this 
chapter, a system dynamic model was established to create long term scenarios roadmap for 
electricity generation mix based on electricity demand projection. The model was used to identify 
the effective renewable energy electricity generation mix for the period 2019-2035 by which a 
lower import electricity dependency could be achieved. The research further conducted the techno-
economic analysis of the optimal scenario based on the proposed REFiT prices. The model 
developed was applied to a specific case of Zambia to assess the long term techno-economic effects 
of feed in tariff on promoting renewable energy technology implementation in electricity sector of 
Zambia. The results of the reseach will play essential role in providing a basis to assist and guide 
in policy making by better understanding of the policy challenges emerging in the implementation 
and impact on the government expenditures. This will further help in making informed investment 
plan and decisions towards achieving sustainability in the electricity sector of the country. It will 
also help in development of long term appropriate milestones and power strategies including 
actions for achieving country’s electricity supply security.  
Key words: Energy Policy, )Techno-economic analysis, Generation, Renewable Energy 
Technology (RET), Zambia.   
 
 





Zambia is endowed with infinite of natural energy sources mix inclusive of fossil fuels and 
renewable energy sources.  The country is currently facing electricity crisis with the existing peak 
demand and growing demand exceeding  the existing generation capacity. Furthermore, the 
country’s electricity generation relies predominately on hydropower with less than 20% 
supplemented by coal (thermal), oil fired (HFO and Diesel) and other renewable power plants. 
During the past decades, the electricity industry faced a significantly increased energy deficit 
primarily due to growth in socio-economic activities; climate change coupled with droughts, 
increased energy demand due to population growth and socio-economic activities and increased 
access to electricity. Apparently, the electricity industry is one of the major contributors to socio-
economic welfare of any country or region (Heinrich, 2013). This power deficit was more 
particular in the period 2014 to 2017 owing to poor rainfall resulting in lower water levels in major 
electricity generation dams. This  resulted in the government and utility company (ZESCO) to 
increase in importing electricity from 12.8 GWh in 2014 to 2184.0 GWh in 2016 from other SADC 
member states at higher electricity prices of between 140 and 190 $MWh-1 as compared to local 
electricity retail prices of between 60 and 100 $MWh-1. This led to huge strain on ZESCO and 
Government expenditure which increased from US$4Million in 2014 to US$59Million in 2016 
(GIZ, 2018; ERB, 2017; The World Bank, 2015). Coupled to the  energy deficit experienced in 
the past years and  decline in copper prices on the international market., The country experienced 
drastic decrease in foreign exchange as well as in production and exports which led to a dropp in  
the national GDP growth rate from 10.6% in 2010 to 4.5% in 2015 (SACREEE, 2018; GIZ, 2018). 
However, to combat this situation and finding reliable and sustainable electricity solution to power 
its societies and economy as well as - meet the current and growing electricity needs, Zambia has 
to develop pathways and strategies that include other renewable energies in the electricity 
sector.The country has myriad of natural energy sources spread across  which could help diversify 
the national electricity supply.  The diversified national energy supply could combat the situation 
that happened in the past years and help contribute to achieving sustainable and universal access 
to energy for all by 2035. According to Heinrich, (2013), “ A sustainable energy is the golden 
thread that connects economic growth, social equity, and a climate and environment that enables 
the world to thrive’’. 




6.2 Instruments for Supporting RETs Deployment in Zambia 
With the prevailing power deficit experience in the country due to droughts, GDP growth and 
deforestation  as the result of lack of access to electricity and dependence on firewood for 
household daily activities (SACREEE, 2018). The Government of Zambia has recognized the 
socio-economical and environmental negative effects of  lack of access to electricity and reliance 
on only hydro for energy as highlightened in Vision 2030 (GRZ, 2006). Hence, the government 
has developed several series of energy instruments which includes Energy Targets, Grid Code, 
Tendering, Renewable Energy Feed-In-Tariff (REFIT) and  Tax Incentives such as exemption of 
Import Duty and Value Added Tax (VAT) on renewable energy technologies such as solar, wind, 
biomass, hydro and geothermal (GRZ, 2006; Haanyika, 2008; CEEEZ, 2013) to attract  and 
encourage investment in renewable energy technologies to achieve  supply security, reliability and 
sustainability of the electricity industry in the nation (SACREEE,2018). These instruments when 
tailored to the local context have potential to successfully transform the electricity sector in 
profound manner and help boost electricity production and improve access to electricity in the 
country.  
6.2.1 Renewable Energy Target 
The RE targets in most SADC member countries are influenced by availability of local expertise 
and resources. For instance in Zambia a number of long term targets for RES to contribute to 
national electricity sector has been set but there is no any stipulation on the capacity and rate of 
development for some RES; 
- Geothermal; the government has identified 35 hot spots for development of geothermal 
power plants but the development target has not yet been identified. Currently the 
Government of Zambia in conjunction with ZESCO is considering upgrading the existing 
240 kW geothermal power plant to 2 MW (Gauri, 2013). 
- Solar PV; in 2001 the government issued a proposed solar PV initiative target of 600 MW. 
As of March 2019 under the scaling up solar project program supported by the World Bank, 
the country commisioned the first of the  two solar PV power projects with 54 MWp  capacity 
(Martin, 2019 ). However, to date only two utility-scale grid tied solar PV projects have been 




implemented, 50 MW under scaling solar program supported by World Bank and 1 MW 
developed by CEC a private Independent Power Producer company. Another 38MW solar 
PV plant under the scaling solar program is still in construction phases and expected to be 
online by mid of 2019. Furthermore, the government with the help of Germany Development 
Bank (KfW) is planning to develop a total of 100 MW Solar PV with capacities between 
1MW and 20 MW across the country under the Global Energy Transfer Feed-In-Tariff (GET-
FIT) program (Bowa, 2017; MEWD, 2016). By 2030 the government has a target of 
developing 200 MW solar PV power plant across the country (SACREEE, 2018) 
- Wind; the government has in the period 2016-2018 identified and conducted wind speed 
study in eight (8) wind energy potential sites across the country but there is no stipulated 
development target yet that has been identified. However, the Government with Globeleq 
Zambia Limited is planning to conduct feasibility study for the installation of 100 MW wind 
power plant in Muchinga province (USTDA, 2018). 
- Biomass; Currently Zesco in conjunction with Global Environment Facility (GEF) /United 
Nations Industrial Development Organization (UNIDO) plans to install a 1 MW biomass 
power plant in Kaputa District in order to replace the current 440kW diesel power plant 
(Kasanga, 2012; Walimwipi, 2012). 
- Hydropower; Zambia has several under developed small and large scale hydropower 
resources. The country has an estimated large-hydro power potential of more than 6,000MW 
(MEWD, 2008). Sites yet to be developed include Kafue Gorge Lower, Itezhi Tezhi, 
Kalungwishi, Mambilima, Batoka Gorge, Devil’s Gorge, Kabompo, and others. The 
government via GET-FIT program is planning to develop a total of 100 MW Small Hydro. 
In addition, the government through ZESCO has continued studying several hydropower 
projects both small and large sizes for development. Currently, ZESCO is planning to 
develop a 750 MW hydropower plant.  CEC a private company is also planning to develop 
a 40 MW and there are three other Independent Power Producer Companies planning to 
develop a total of 287 MW and the agreements have already been signed (MEWD, 2008; 
Hugo, 2016).  




6.2.2 Grid Code 
“A grid code is technical specifications which defines the parameters a facility connected to a 
public electric network has to meet to ensure safe, secure and economic proper functioning of the 
electric system’’. A grid code which was developed by the Energy Regulation Board (ERB) of 
Zambia became a law through the Statutory Instrument Number 79 of 2013. Hence, all renewable 
energy generation plants supplying power into the national grid has to comply with the grid code 
provisions. The grid code was developed with the aim of opening and providing a non-
discriminatory access by ITCs and IPPs to the transmission system (Owen, 2016). 
6.2.3 Projects Tendering 
The REFIT under GET-FIT programme is tendered through public auction. both under REFIT 
mechanism for development of small scale RE project equal or less than 20MW and Light handed 
Regulation mechanism for larger RE projects above 20MW international tenders are conducted 
for implementation of RE generation projects. The REFIT price varies according to the size of the 
project (Hugo, 2016; Lungu, 2015; SACREEE, 2018). 
6.2.4 Renewable Energy Feed in Tariff (REFIT) 
In the period 2014-2016, ERB developed a REFIT pricing method and regulatory framework after 
adjustment of electricity prices. The policy was developed with the focus of expanding and 
diversifying renewable energy in the national energy mix, encourage involvement of private sector 
in RE and spur investments through REFiT (Lungu, 2015). The REFiT program was designed for 
renewable energy generation projects less than 20 MW (1 MW-20 MW). Currently,  the REFIT is 
supported by KfW through a GET-FIT programme with the first phase focusing on total of five(5) 
by 10 MW solar PV projects with a ceiling REFIT price of US$c14.2 per kWh and the difference 
between the proposed REFIT price and the ZESCO electricity price is expected to be covered 
before construction by KfW (Hugo, 2016). However, currently the maximum REFIT price ZESCO 
is willing to pay is US$0.12 per kWh (Owen, 2016; Bloombergy, 2016). In terms of large scale 
renewable energy generation above 20 MW, the parties i.e. energy off-taker and IPP are allowed 
to negotiate and agree on power purchase agreement (PPA). Currently, for large scale PV projects 
are supported by the scaling solar programmes which is the initiative supported by the World Bank. 




In addition, the ERB has proposed a REFIT price of US$c7 per kWh for larger scale projects. 
Table 6.1 presents the cost reflective REFIT prices as calculated by ERB in the first phase of 
REFIT regulatory framework development for solar PV projects between 0.5 MW and 20 MW. 
Hence, in this study the REFIT price range of US$c 7/kWh – US$c 14.2/kWh is considered in the 
economical analysis of the optimal new renewable energy generation mix. 
Table 6.1 Indicative REFIT Price for Range of Solar PV Projects (Lungu, 2015; Hugo, 2016) 
 
6.2.5 Capital Subsidy and Tax Incentives 
In order to overcome the huge initial investment cost barriers that comes with renewable energy 
technologies, the government of Zambia has introduced tax waivers on all imported renewable 
energy technologies such as wind, small and larger hydropower, geothermal, biomass and solar 
energy technologies. The investor can apply for import duty and Value Added Tax exemption from 
Zambia Revenue Authority through ERB. The government also provides zero percent tax rate on 
dividends for five (5) years from year of first declaration of dividends including zero percent on 
profits for five (5) years from the first year of operation for manufacturing projects in rural areas, 
Multi Facility Economic Zone (MFEZ) and Industrial Park. 
In terms of policy implementation, these energy incentives and policies that require construction 
of new electricity infrastructures and deployment promotion of renewable energy technologies 
often incur higher government expenditures. Therefore, policy makers should only emphasize on 
policy implementation with a better understanding of the policy implications on government 
expenditure in both short term and long term. Since any improperly made decision are confronted 
with risks of increased government budget and expenditures. In this regard, techno-economic 
analysis of the effects of these energy policies for supporting frequent use of renewable energy in 










the long term is very essential and can help provide insights and guide policy makers in the 
implementation stages. 
6.3 Economics of Feed in Tariffs 
6.3.1 Electricity Markets in Zambia  
In Zambia, the access to electricity and energy security has remained a challenge. Despite several 
efforts, the country has only  33% of the households having access to electricity. In addition, as 
one of the mitigation factors, the country is dependent on importing emergency expensive 
electricity from other SADC member states during peak periods and this has proved to be 
expensive and strain on the government expenditures. Furthermore, the government has plans to 
increase the electrification rates from the current 33% to 66% by 2030 (90% in urban and 51% in 
rural areas). Hence, considering the current annual population growth estimated at 2.8%, and also 
regarding the economic activities and growth in the country. It is expected and has been projected 
that the electricity demand across the country will probably rise by twofold in 2030 from the 
existing demand. This will lead to an increased demand for electricity in the country and will 
present a great market for renewable energy technologies. RETs are in abundance in Zambia and 
widely spread across the country. It is envisaged that RETs could help the government achieve the 
set targets of electrification rates at affordable price as well as  secure the electricity supply system 
during peak demands. Therefore, renewable energies could help attain sustainable access to 
electricity and diversify the electricity supply in the country. The renewable energy market is on 
the growth and expected to grow faster with the intended achievement of cost reflective electricity 
prices and investments incentives provided by the government in the energy sector. However , the 
country lacks a strategy for development of RES and setting tangible targets to be achieved within  
a given framework.Hence,this study findings provide help to guide policy makers in the design 
and implementation of long term visions for the energy sector to help support effective investments 
by both private and public in renewable energy technologies. This will help ensure effective and 
best deployment and use of local available renewable energy sources. 




6.3.2 Feed in Tariff in SADC Region and the World 
REFIT is another form of incentives government offers to independent power producers (IPPs) 
and developers for electricity generation from renewable energy. Table 6.2 illustrates the 
summarized comparison of REFITs for some of SADC region countries, East African countries 
and some of European countries. Many countries across the globe offer this incentive to attract 
investments in RETs and increase electricity generation from renewable energy sources (Cornelis 
van Kooten, 2011). According to Cornelis van Kooten, (2011), “REFIT guarantee developers of 
renewable generating capacity a preferred price for any power that is delivered to the grid”. In 
most of these countries, the size and capacity of the renewable energy project vary with the 
technologies and so does the REFIT. However, for  countries like  Zambia the proposed REFIT 
price seems to have no specific fixed value for all RETs. Thus, making the study interesting to 
assess how economical are these proposed REFIT to attract investment in RES and also the impact 
on government expenditure. The study considers five financial and economic indicators namely; 
Net Present Value (NPV), Simple Payback Period (SPP), Initial Investment Cost (IIC), Levelized 
Cost of Electricity (LCOE) and Government Expenditure Cost (GEC) to promote the policy. The 
government expenditure includes exemption of import duties and tax, and covering the extra 
REFIT price. 
Table 6.2 Summarized REFiTs in African Countries and the World (Heinrich, 2013; RES-LEGAL, 2019) 
RE Type 
Country Renewable Energy Feed İn Tariff (US$/kWh) 






Hydro 0.07-0.142 0.1268 0.06-0.12 0.073-0.109 3.47-12.4 Euro 9.0-
13.0 
7.3 plus 1-2.3 bonus 
Biogas 0.07-0.142 0.0985 0.06-0.08 0.115 5.66-23.14 4.6-9.20 13.3 plus 0.4-3.8 bonus 
Biomass 0.07-0.142 0.1318 0.06-0.08 0.103 5.71-13.32 4.7-12.4 13.3 plus 0.4-1.8 bonus 
PV Solar 0.07-0.142 0.3509 0.10-0.20 0.362 8.91-12.70 9.0-10.6 13.3 plus 0.6-6.7 bonus 
Geothermal 0.07-0.142 - 0.08 0.077 25.2 - 10.5 plus 0.7-2.7 bonus 
Wind 0.07-0.142 0.1416 0.12 0.124 3.9-11.4 5.4-8.50 7.3 plus 0.6-3.7 bonus 
Micro-Generation 0.07-0.142 - 0.07 0.070 - - - 
 




6.4 Technical Performance Indicators 
Electricity reliability and continuity of supply is very important for socio-economic development 
of any society and nation. However, there are various issues that may cause electricity unreliability 
and discontinuity in short and long-term. The causes may include insufficient electricity generating 
units, lack of transmission capacity to transport generated electricity to load centres, insufficient 
of generation units to meet the demand, poor generating units or transmission line maintenance, 
weak networks to withstand contingencies and disturbances including other factors such as 
tremendous weather conditions such as poor rainfall (droughts) and availability of primary energy 
sources in future such as for fossil fuels (WEC, 2007). This situation may vary from country to 
country but very common and similar in SADC region. However, according to literature (WEC, 
2007), it is argued that a well-diversified electricity generation sector that includes various 
different types of domestic primary fuels and sources including reliable generating technologies  
has ability to assist increase energy security and reduce risks that may arise from high and volatile 
fluctuating fuel prices.  
Therefore, use of local available resources in the electricity generation is relevant. Furthermore, 
timely and adequate investment in the electricity sector is essential to ensure the reliability and 
continuity of electricity supply (IEA, 2002; Bengt, 2013). Therefore, in simulating the future 
renewable energy generation mix for Zambia, projected energy demand, existing energy 
generation and availability of RES is considered. Here, it is first assumed that to ensure the 
reliability and continuity of electricity supply in the country, investment should be based on the 
projected energy deficit assuming the existing generation will continue producing the same amount 
of electricity beyond 2035 and the  maintanance and operations will suffice. Therefore, the new 
renewable generation mix projection will only cover the difference between the existing generation 
and the projected energy demand (energy deficit). Hence, using system dynamic the energy 
security of Zambia electricity sector is investigated for long term reliability and continuity of 
electricity supply with the aim of achieving higher self electricity supply sufficiency in the national 
electricity supply by 2035 while considering various renewable energy sources penetration levels.   




6.4.1 Renewable Energy Generation Mix  
A typical energy system usually comprises of more than one energy generation systems which are 
integrated to the utility grid (Mahesh and Sandhu, 2015). In this study, the primary energy sources 
considered for future generation mix for Zambia are wind, hydro (small and large), geothermal, 
biomass and solar PV since these energy sources are readily available in the country and the 
government has plans to include them in the future energy mix. However, in the analysis the power 
plants based on imported fossil fuel sources (Heavy Fuel Oil (HFO) and Diesel) were excluded in 
the existing energy generation in order to investigate the real dependency of the country on 
imported energy.  Hence, in all cases the fossil fuel based on imported primary energy sources are 
excluded in the scenario analysis. In addition, the analysis only considers renewable energy 
sources, thus only the existing coal thermal power plants are considered in the analysis for existing 
generation since coal is local resource. The study also assumes that by 2035 the grid system would 
have been expanded to accommodate huge renewable energy sources considering the current plans 
to expand the existing to cover the whole country and also connect to other countries in East, 
Central and Southern Africa. Table 6.3 presents some of the parameters considered in the study. 
The initial capital costs for solar PV and hydropower was based on the existing projects in Zambia, 
while for geothermal, wind and biomass was based on literatures reviewed. Figure 6.1 illustrates 
the system dynamic model adopted for simulating the future new renewable energy generation mix 
target for Zambia (2016 to 2035). 
Table 6.3 Technology Parameters for Simulation and Analysis 





CF(%) IIC (US$/kW) 
Solar PV 20 1457 
Wind 30 1590 
Geothermal 70 4000 
Biomass 60 2150 
Small Hydropower 40 1532 
Large Hydropower 40 1532 
 




The technical evaluation of the total annual system energy EHy generation, the main criteria 
adopted to be fulfilled for sizing the system were maximum power reliability and minimum 
dependency on imported energy. The energy generation by the system EREM has been evaluated 
using equation 6.1 considering various renewable energy combinations (penetration levels) as 
highlighted in Table 6.3 (Hongxing et al., 2009; Sinha and Chandel, 2015). 
                                                              (6.1) 
Where EWTE is the total energy generated by the wind energy system and EPVE is the total energy 
generated by the solar PV energy system, ESHY is total energy generated by small hydropower, 
ELHY is the total energy generated by larger hydropower, EBE is total energy generated by biomass 
system, and EGE is total energy generated by geothermal system. The energy generated by the 
system may or may not meet the projected energy demand; hence three different situations may 
occur depending on the energy consumption, project implementation delays and the total energy 
generation by the system as follows (Markvart, 1996; Eke, 2005): 
§ The total energy demand is less than the total energy generation by the system mix, so there 
is excess energy, hence the generators can sell their excess energy to the SAPP member states. 
§ The total energy demand is equal to the total energy generation from the system mix, so that 
there is no deficiency in the energy or excess energy 
§ The total energy demand is greater than the total energy generated by the system, hence there 
is energy deficiency and system may not meet all the energy needs and utility company can 
buy or import energy from the SAPP member countries to meet the local excess energy 
demand. 
The sizing of the system was formalized using the annual energy demand projection data ( see 
Figure 6.10) to match the supply-demand conditions, with the renewable energy supply mix 
providing the lowest energy dependency or deficit by 2035 considered as optimal renewable 
energy mix suitable for the country to meet its energy needs. Hence, the system has been simulated 
to meet the highlighted supply-demand condition by 2035 (Markvart, 1996; Eke, 2005): 
                                                                                                             (6.2) 
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Where Dm is the projected annual energy deficit for or imported energy dependency which is the 
difference between the existing annual generation and projected annual energy demand based on 
the study conducted by ZESCO and JICA (MEWD, 2010). The major assumption is that the 
existing systems will continue operating and generating same amount of electricity beyond 2035 
considering recent upgrading of the generating systems and newly commissioned power plants 
(ERB, 2017). Table 6.4 illustrates the ten (10) top best of the scenarios considered for new 
renewable energy combination mix for the future electricity sector in Zambia. However, due to 
lack of capacity targets or contribution targets for these RESs in the future energy generation mix 
in the country, the penetration levels of RESs were varied randomly during the simulation with the 
aim of  achieving zero energy dependency by 2035 in the electricity sector. Hence, the RES 
penetration levels were varied with consideration of availability of primary energy sources in 
Zambia. According to the scenarios simulated (see Figure 6.4), scenario 9 provides the best 
alternative for achieving energy security (Zero import energy dependency) for Zambia’s electricity 
industry by 2035 and beyond. Hence, scenario 9 is seen as the optimal and suitable new renewable 
energy generation mix for Zambia. Therefore, based on this scenario the total cumulative by 2035 
and annual average new renewable energy generations mix capacity including each technology 
capacity share in the final mix and country’s electricity sector diversification level was evaluated. 
Then based on this scenario, the financial and economic analysis based on the proposed REFIT 
and initial investment cost according to literature and existing projects in Zambia were conducted. 
Table 6.4 New Renewable Energy Policy Combinations based on Energy Plan and Expert Review 
 
Renewable Energy  
Technologies 
Scenarios (SC) - New Renewable Energy Sources Combinations (%) 
BCS SC1 SC 2 SC 3 SC4 SC5 SC6 SC7 SC8 SC 9 SC 10 
Solar PV 0 25 30 25 20 50 40 50 20 15 30 
Wind 0 10 15 5 0 0 5 1 2 4 4 
Biomass Thermal 0 15 15 10 1 1 10 1 3 3 2 
Small Hydropower 0 15 15 20 29 29 20 10 25 1 3 
Larger hydropower 0 25 20 40 50 20 25 40 50 76 60 
Geothermal 0 10 5 0 0 0 0 1 0 1 1 
 




                  
Figure 6.1: Zambia New Renewable Energy Generation Mix for Energy Security in Zambia 
6.4.2 Renewable Energy Technology Capacity 
The capacity factor shows the amount of electricity delivered by an electric power generation 
system to the grid (Ayompe, 2014). It is defined as the ratio of the actual annual electricity 
generated by technology (EAC) under consideration to the amount of electricity the technology 
would have generated if it was operated continuously for 24 hours daily at full rated power for a 
year. The annual technology capacity required for installation based on the electricity generation 
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average technology capacity factor as presented in table 6.3 (Ayompe, 2014; British Standard, 
1998). 
                                                                                                     (6.3) 
Where   CF is technology average capacity factor (%) and PMW is total technology required 
capacity (MW) and EAC is the technology electricity generation share to cover the projected energy 
demand deficit. 
6.4.3 Future Electricity Supply Diversification  
Diversificaton of Electricity Supply is calculated using Shannon Wiener Index (SWI) as given in 
equation 6.4 (Vithayasrichareon, 2012; Andre, 2014). 
                                                                                                       (6.4) 
Where si is the share of each primary energy source in the final electricity generation mix and n is 
the number of primary energy sources in the final energy generation mix. The maximum (Ln(n)) 
occurs when all the energy sources contribute equal share (1/n) to the final electricity generation 
mix. In terms of electricity supply diversification, the higher the value means higher sustainability 
and lower electricity sector risk due to higher diversification levels in the electricity supply. 
6.5 Financial and Economic Performance Indicators 
6.5.1 Initial Investment Cost 
The total technology capacity initial investment cost depends mainly on three parameters namely; 
the geographic location i.e country, the size of the system, and the technology used in the  power 
plant (Mukund, 1999). In this study, the  individual technology initial capital cost in the future new 
renewable energy mix has been calculated using equation 6.5. This factor is used to asses the 





















                                                                                                            (6.5) 
Where CTC is technology system total  installation capital cost (US$), CTCC is technology system 
average installation cost (US$/kW), and  PTC is technology system capacity required to be installed 
(kW) (EPRI, 2015). Hence, the total initial investment cost required for implementation of the new 
renewable energy generation mix is the sum of all the technology initial investment cost. 
6.5.2 Simple Levelized Cost of Energy 
The simple levelized cost of energy (LCOEREM) of electricity delivered to the grid is one of the 
most important decision-making financial parameter for an electrical system project (Mukund, 
1999). It can be used to compare with feed-in-tariff to check if the project is viable. For each 
technology, it has been calculated using equation 6.6 (Munkund, 1999). 
                                                                     (6.6) 
Where AMRREM is the amortization rate per year as a fraction of CREM, it represent value of money 
and is usually in the range of 0.10 to 0.20 (Mukund, 1999). In this study an average of 0.15 has 
been assumed. TIRREM is the tax and insurance  rate per year as a fraction of the CREM, taken as 
0.9 % and COM is the annual operation and maintenance cost taken as a constant (i.e. fixed fraction 
of the capital cost at 5% for each technology including the future technology replacement costs). 
6.5.3 Net Present Value 
Neo-classical economics defines the Net Present Value (NPV) as the difference between the  
present value of all the time series cash inflows and the present value of cash outflow over a period 
of time. It includes the system initial investment cost and system operation and maintenance cost. 
It is used to compare the present value of money to the present value of money in the future, hence 
it takes care of inflation and is calculated as shown in equation 6.7 (Mahesh and Sandhu, 2015). 
This parameter is used to assess the profitability of projected renewable energy generation mix for 
investment considering the proposed REFIT range in Zambia (Balcioglu et al, 2017).  













                                                                                                  (6.7) 
Where Ct is the net cash inflow during the period t, C0 is total initial investment costs, r is discount 
rate assumed at 3% (NREL,2019), and t is the economic lifetime of technology which varies with 
type of technology (see Table 6.5). 
Table 6.5 Technology Parameters for Economic Analysis 
 (Stehly, 2017; Stein, 2013; Amer and Daim, 2011; NREL, 2019) 
Type of Technology Technology Parameters 
Economic Life Span 
(Years) 
Initial Capital Cost 
(US$/kW) 
Solar PV 25 1457 
Wind 30 1590 
Geothermal 30 4000 
Biomass 30 2150 
Small Hydropower 50 1532 
Large Hydropower 50 1532 
6.5.4 Simple Payback  
Simple payback period (SPP) is defined as the number of years that the project is required to 
recover the project initial investment costs.  In this study, the project has been considered as 
generating consistent or an even cash inflow during its the economic life time.This factor is used 
to assess the impact of the proposed REFIT on the investment payback period if the projects are 
private based. Hence, the simple payback period has beed computed regarding the consistence 
cash inflow using equation 6.8.  
                                                                                   (6.8)  
In addition, the impact of proposed REFIT price range on government expenditure  is and on 
















6.6 Electricity Sector SWOT Analysis 
SWOT analysis is defined as ‘’an examination of an organization’s internal strengths and 
weaknesses, its opportunities for growth and improvement, and the threats the external 
environment presents to its survival’’(Gretzky,2010). The technique can be used to help determine 
and guide policy maker to identify areas in the electricity sector where some adjustments are 
reguired to be made. It is usually used for strategic planning and is executed by a group of experts 
who have the ability to assess the sector from a critical perspective (Gretzky,2010). According to 
Sackett et al,(2005), the main objective of strategic planning is to help a sector to reach balance 
with the external environment including maintaining the same balance for a long period of time 
(Gretzky,2010). Thus, it is an effective tool used in many applications for making strategic 
decisions, supporting managers, reducing risks and setting future directions (Balcioglu et al, 
2017).This approach has found extensive use in several studies to provide holistic understanding 
of renewable energy for effective national or regional planning and also for decision making. 
However, it has not been used so extensively in electricity sector for most emerging economy 
countries like Zambia to understand the strength, weaknesses, opportunities and threats for 
renewable energy development in the country. Therefore, in this section, SWOT analysis is used 
to assess the strength, weaknesses, opportunities and threats of Zambian electricity sector for 
renewable energy technology development. The analysis is based on secondary data collected from 
surveyed literature, including primary data collected using a questionnaire distributed in major big 
cities of Zambia. The data were collected from the public, other stakeholders in the energy sector 
and local expertizes in renewable energy and electricity sector. Table 6.6 below illustrates the 
finding of the research.   
 
Figure 6.2 The SWOT Analysis Structure 
















Table 6.6 below points out some strength, weaknesses, opportunities and threat attributes of 
Zambian electricity sector for deployment of renewable energy technologies (RETs). The research 
has discovered both positive and negative factors that would enhance or slow down the 
acceleration of RET deployment in the country as highlighted in Table 6.6 below. 
 
Table 6.6 SWOT Analysis for the Zambian Electricity Sector for Renewable Energy Technology Development 
 
 Helpful Harmful 
Internal 
§ Availability of Investment Incentives 
- Tax Exemptions on capital goods and machinery 
- Import Duty Exemptions on capital goods and machinery 
- Availability of Capital Subsidy’s Grant or Rebate 
- Availability of Public Investment Loans or Grants 
§ Availability of Production Incentives 
- Tax Exemption on Profit and Dividend for 5 years 
- Feed in Tariffs 
- Premium Payment 
§ Availability of Grid Code and experience with Independent Power Producers (IPPs) 
§ Office for Promoting Private Power Investment (OPPPI) to deal with projects of more 
than 10MW in acquisition of water rights, licenses, permits facilitation and technical 
support in Environmental Impact Assessments (EIA) 
§ Availability of Non Fiscal Incentives 
- Investment guarantees and protection against state nationalization through the 
Certificate of Registration for your investment under the ZDA Act 2006 
- Free facilitation for application of immigration permits, secondary licenses, land 
acquisition and utilities 
§ Lack of Local Experts for some 
RETs 
§ Lack of Skilled Manpower in RE 
sector 
§ Low Household Incomes: the 
majority of the population in the 
country have low income to pay for 
higher electricity prices 
§ Poor Energy Infrastructures 
§ Lack of National Grid Coverage 
§ Defective Policy Outlines due to 
lack of policy coordination 
§ Non Cost Reflective Electricity 
Tariffs 
§ Vertically integrated electricity 
industry; it does not support some of 
the incentives such as feed-in-tariffs 
External 
§ Renewable Source Availability 
§ Targets to reduce CO2 Emission 
§ Plans to diversify Energy sector 
§ Existing Cross Board Interconnections and Plans to expand 
§ Existing Cross board energy trading 
§ Lower Energy Security; dependency on expensive emergency energy imports  from 
other SAPP countries 
§ Lower Access to Electricity and Plans to increase from 33% to 66% 
§ Availability of Electricity Demand which is expected to reach more than 21TWh by 
2030 due to Social and Economic Activities and industrial developments including 
population growth 
§ Availability of Local Expert for some RETs 
§ Availability of Vast Land for implementation of the projects 
§ Plans to achieve Cost Reflective Electricity Tariffs  
§ Plans to expand the existing electrical Grid   
§ Political Interferences  
§ Corruption in the process chain 
§ Lack of Local Capital  
§ Financial Constraints due to poor 
budget allocation 
§ Highly dependence on foreign 
funding and support 
§ High Loan Interests from Banks 
§ Low willingness to pay Cost 
Reflective Electricity Price 
§ Widely Dispersed Population 
6.7 Results and Discussion 
The research has considered the yearly energy demand projection and existing generation to 
simulate the future renewable energy generation mix for Zambia taking into account the 
availability of RESs and the characteristics of technologies. System dynamics was used for 
simulation of various  scenarios based on the technology characteristics and projected energy 
demand conditions to find the best new renewable energy generation mix configuration that will 
be able to meet the future energy demand with increased diversification levels in the country. 




Figure 6.3 shows the total energy generation from simulated projected new renewable energy 
generation mix for the period 2016 to 2035.  In the simulation ten (10) scenarios were considered 
by varying the penetration levels (contribution of each renewable energy source to the total energy 
generation) of the six (6) renewable energy generation technologies; solar PV, wind, biomass, 
geothermal, small and large hydro. In all the simulation average technology construction delay 
(implementation time) where considered with reference to the general implementation period 
across the world; solar PV and wind power plants (1year), biomass and geothermal power plants 
(2 years) and hydropower (4 years). The different new renewable energy generation mix  
combinations of solar PV, Wind, Biomass, Geothermal, Small and Larger Hydropower were 
adopted for the analysis since the country is rich in these RESs and the technologies have already 
reached maturity levels and the country has experience with some of these technologies. The 
technology energy generation penetration level combination for the analysis is as shown in Table 
6.4 above.  
The following indicators were considered to analyze the optimal new renewable energy generation 
mix that would satisfy the projected energy demand for Zambia by 2035; simple levelized cost of 
energy (LCOE), initial investment cost (IIC), simple payback period (SPP), net present value 
(NPV), future energy generation diversification rate, total cummulative capacity and annual 
average capacity.  
However, considering the situation in Zambia this may not be the case due to highly dependent on 
donor funding, hence resulting in long implementation periods than normal. However, in this 
study, the above mentioned construction times were considered as implementation delays in 
simulation. Figure 6.3 shows the new renewable energy generation mix scenarios considered for 
Zambia, which would result in the country being the energy exporter by 2035. The yearly energy 
demand projection for Zambia considered in the study is based on the studies conducted by ZESCO 
and JICA in 2010 as illustrated in Figure 6.10. However, it can be observed from Figure 6.3 and 
6.4 that due to implementation delays and also the contribution (penetration levels) of the RES to 
the total energy generation mix, the graphs for each simulation scenario considered in the study 
does not automatically curves up or the dependency on imported energy does not automatically 
reduces. Hence, it can be seen that due to these delays it is expected that the country will experience 




energy deficit up to 2025, in short the country will continue being dependent on energy imports 
until after 2025 when the projects will be commissioned and brought online.  
 
Figure 6.3 Total Energy Generation from New RET mix, 2016-2035 
Figure 6.4 below illustrates the total imported energy dependency (energy security) projection 
considering various combination of New Renewable Energy Generation mix. According to the 
results, it can be seen that scenario 9 provide the best alternative for new renewable energy 
generation mix for Zambia. Considering scenario 9, if the government has to adopt it, then it can 
be observed that by 2035 the country would become energy exporter rather than energy importer. 
 





Figure 6.4 Total Energy Dependency projection with and without New Renewable Energy Generation, 2016-2035 
Figure 6.5 and Figure 6.6 shows the projected cumulative and annual average energy generation 
capacity contribution for each technology for the most optimal new renewable energy generation 
mix capacity suitable for satisfying the projected energy demand for Zambia (scenario 9). The total 
annual average REG mix capacity required for implementation is estimated at 585.08 MW, with 
386.98 MW large hydropower, 152.76 MW solar PV, 27.16 MW wind, 10.18 MW biomass, 5.09 
MW small hydropower and 2.91 MW geothermal. It can be seen that, hydropower will continue 
dominating the electricity sector in Zambia due to availability of resources and local expertise 
including long term experience with this RET. However, with government plans to diversify the 
energy sector, it is expected that solar PV will be the next in contributing to the energy sector after 
hydropower. Hence, hydropower will continue being the main primary fuel for the bulk of 
electricity generation, with solar PV in an increasingly important role by 2035. This is also 
observed from the current attention that the government has paid on hydropower and solar PV. 
Hence, it is expected that other RESs such as wind, biomass and geothermal will continue to play 
minor role in the electricity industry in Zambia due to lack of local expertise and the technology 
being new in Zambia’s context despite of availability of these energy sources. 





Figure 6.5 Projected Electricity Generation from New RETs mix based on Electricity Deficit,2018-2037 (Scenario 
9) 
 
Figure 6.6  RET total annual average installation capacity target, 2019-2035 (Scenario 9) 
Figure 6.7 below shows the capacity share for each renewable energy technologies for the optimal 
new renewable energy generation mix (scenario 9). It  can be seen that hydropower will continue 
RET Total Annual Average Installatıon Capacıty (MW)




dominating the electricity generation share due to availability of resource, availability of local 
experts, long term experience with the technology and also the lower LCOE which would results 
in affordable electricity for consumers at reduced government subsidies. In  terms of solar PV, it 
is expected to be the second dominating RET due to support from World Bank and other 
stakeholders including availability of resource, local expertises and some experience with the 
technology including deployment flexibility.  
 
Figure 6.7 New RET Mix Capacity Share (Scenario 9) 
Figure 6.8 highlight the imported energy dependency and investment costs projection based on the 
annual energy deficit and annual average REG mix capacity. It should be noted that, having annual 
installation targets would results in the country being energy exporter as compared to deployment 
of RET based on the annual energy deficits. Hence, it is essential for the government to consider 
having annual installation targets and implementing excellent investment incentives in order to 



































Figure 6.8 Comparison Investment Cost and Imported Energy Dependency Projection (Scenario 9) 
Figure 6.9 shows the levelized cost of energy (LCOE) for each technology evaluated in the study 
for the simulated new REG mix (scenario 9). The LCOE for hydropower is least at 39 $MWh-1 
with LCOE for solar PV technology at 89 $MWh-1 being the highest as compared to LCOE of 
other technologies, which is even more than the proposed REFIT for micro-generation. However, 
the LCOE for most of the technologies falls below the proposed threshhold of  REFIT 70$MWh-1 
 
 





































Imported Energy Dependency based on Energy Deficit Capacity
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As of end of 2018, Zambia had a total generation capacity of  about 2.9 GW generating about 
14.40 TWh of electricity annually.  The electricity demand in Zambia is forecasted to increase by 
2035 to 42.54 TWh translating to energy deficit of 28.14 TWh by 2035 considering existing 
generation, if there are no new energy generation projects brought online before 2035. Figure 6.10 
below illustrates the exisitng electricity generation, projected energy demand, evaluated energy 
deficit based on the existing generation and projected energy demand including simulated future 
new renewable energy generation mix based on both annual energy deficit and annual average 
REG mix capacity.  
 
Figure 6.10 Projected Energy Demand, Deficit, Existing and Estimated Future Energy Generation 
Figure 6.11 and 6.12 illustrate cumulative government expenditure based on various REFIT prices 
for the period 2019-2035. Figure 6.11 shows the governement expenditutre based on annual 
projected energy deficit i.e. if the governement decides to be implementing REG mix to cover up 
annual energy deficit. Here it can be seen that in such a case, due to delays in construction the 
country will have to import energy from other SADC member states untill 2025 when new projects 
are brought online. In this case the government expenditure will grow so gradually. However, if 
the government plans to fix annual capacity target to be achieved based on the total cumulative 
capacity for 2035, it is expected that at no time will the country import energy from other SADC 
countries but it will always be energy importer. However, in such a case depending on the REFIT 
price that most of new renewable energy generation projects acquire in Power Purchase Agreement 
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case which is based on annual deficit. Hence, the government should develop strategies to meet 
this investment cost in promoting REFIT price. 
 
Figure 6.11 Cumulative Government Expenditure for Various REFiT above Current Electricity Price based on 
Annual Projected Energy Deficit 
 
Figure 6.12 Cumulative Government Expenditure for Various REFiT abve Current Electricity Price based on 
Annual Average REG Mix Capacity 
Figure 6.13 shows a comparison cumulative government expenditure and new REG mix 
implementation average simple payback period at various REFIT prices.  It can be observed that 
as expected from other studies that with increase in REFIT price leads to increase to cumulative 




























































balance in government expenditure of US$ 0.32 billion and average simple payback period of  
4.81years would be achieved . 
 
Figure 6.13 Comparison Cumulative Government Expenditure and REG mix İmplementation Simple Payback 
Period at Various REFiT prices 
 
Table 6.7 shows the simple payback periods for technologies considered in the study based on 
various REFIT prices as proposed by the government for larger, small and micro-generation 
renewable energy systems. In SPP analysis it was assumed that all projects obtain investment 
incentives (import duty and VAT exemption) and production incentives, hence the project does 
not pay any tax to the government. In this case Table 6.7 below shows the simple payback for 
various technologies at different REFIT prices. The study of SPP based on the proposed REFIT 
price is essential help the government fix different REFIT prices for different technologies which 
will help attract investment in diversified RETs with the target that all technologies assume same 
payback period and also to remove baiseness to only one RET. If it is assumed that SPP for any 
project is fixed at below 7years, it can be seen that for biomass and both larger and small 
hydropower projects the current proposed 70 $MWh-1 would be best for these projects while for 
wind and geothermal is 100 $MWh-1 and for solar PV is 130 $MWh-1. Hence, this analysis is 
important for decision making in terms fixing REFIT for various technologies while considering 
uniform payback period for all technologies. 
































































Table 6.8 provide NPV for the evaluated scenario 9 new REG mix based on various REFiT prices 
as proposed by the government for larger, small and micro-generation. It can be seen that at 
proposed 70 $MWh-1 only biomass, small and larger hydropower projects assumes positive NPV, 
whereas Geothermal assume positive NPV at 90 $MWh-1 and solar PV at 120 $MWh-1. Hence, if 
the simple payback period is fixed at below 7 years and NPV at below 50% of the initial investment 
cost, then it can be seen that for biomass, small and larger hydropower the proposed REFiT of 70 
$MWh-1 would be appropriate for these technologies whereas 100 $MWh-1 would be suitable for 
wind and geothermal while 130 $MWh-1 would be the best REFIT price for solar PV. Under these 
REFIT price and considering scenario 9 as optimal REG mix for Zambia, the cumulative 
government expenditure by 2035 would be  US$0.145Billion.  
Table 6.8 Net Present Value at Varios REFIT Prices (Scenario 9)




REFIT price (US$/MWh) 
70 80 90 100 110 120 130 140 142 
SPP1 SPP2 SPP3 SPP4 SPP5 SPP6 SPP7 SPP8 SPP9 
Solar PV 12,47 10,92 9,70 8,73 7,94 7,28 6,72 6,24 5,86 
Wind 9,08 7,94 7,06 6,35 5,78 5,29 4,89 4,54 4,26 
Hydro Small 6,56 5,74 5,10 4,59 4,17 3,83 3,53 3,28 3,08 
Hydro Large 6,56 5,74 5,10 4,59 4,17 3,83 3,53 3,28 3,08 
Biomass 6,14 5,37 4,77 4,30 3,90 3,58 3,30 3,07 2,88 
Geothermal 9,78 8,56 7,61 6,85 6,23 5,71 5,27 4,89 4,59 




REFIT Price (US$/MWh) 
70 80 90 100 110 
NPV1 NPV2 NPV3 NPV4 NPV5 
Solar PV  $ -131 752 853,97    $  -99 797 459,35   $    -67 842 064,72   $    -35 886 670,10   $      -3 931 275,47  
Wind   $     -8 117 591,12     $       703 210,20   $       9 524 011,52   $     18 344 812,83  $      27 165 614,15  
Hydro Small   $      1 995 285,07     $    4 030 228,33   $        6 065 171,59   $       8 100 114,85  $       10 135 058,11  
Hydro Large   $  151 641 665,41    $ 306 297 353,08   $    460 953 040,75   $   615 608 728,42  $     770 264 416,09  
Biomass   $    10 883 291,65   $   17 498 892,64  $     24 114 493,62   $     30 730 094,61   $      37 345 695,60  




REFIT Price (US$/MWh) 
120 130 140 142 
NPV6 NPV7 NPV8 NPV9 
Solar PV $   28 024 119,15  $ 59 979 513,78  $        91 934 908,40   $        98 325 987,33  
Wind $   35 986 415,46  $ 44 807 216,78  $        53 628 018,10   $        55 392 178,36  
Hydro Small $   12 170 001,37  $ 14 204 944,62  $        16 239 887,88   $        16 646 876,53  
Hydro Large $ 924 920 103,76  $ 1 079 575 791,43  $   1 234 231 479,10   $   1 265 162 616,63  
Biomass $   43 961 296,58  $ 50 576 897,57  $        57 192 498,56   $        58 515 618,75  




Table 6.9 below shows the energy diversification for existing energy generation systems in Zambia 
including the future projected energy generation considering scenario 9 for the inclusion of other 
new renewable energy generation mix. It can be seen if this scenario is implemented in Zambia, it 
is expected that the national energy diversification will increase by 10.4% from the current 
diversification level of 0.4338 to 0.4789, this will lead to increased national energy security which 
is important for sustainable energy system. 
Table 6.9 Energy Diversification for Existing and Evaluated Projected Generation Mix 
Energy Generation 
Technology 









Solar PV 51 1.73 2,800.6 21.09 
Wind 0 0 488.8 3.68 
Biomass 0 0 183.3 1.38 
Geothermal 0 0 52.37 0.39 
Hydro 2,397.91 81.37 9,455.31 71.20 
Coal 300 10.18 300 2.26 
Heavy Fuel Oil (HFO) 110 3.73 0 0 
Diesel 88 2.99 0 0 
Total 2,946.91 100 13,280.38 100 
Diversification Factor  0.4338 0.4789 
 
Table 6.10 provide a summarised results of the simulation and analysis of scenario 9. In initial 
investment cost analysis, the total financial requirement to achieve the new REG mix target 
capacity  of 10.5GW between the fiscal year 2019 and 2035 is US$ 16.20 billion. This translate to 
an annual investment cost of US$899.94 million for the period of 18years, of which about 65.9% 
would be for larger hydropower, 24.75% for solar PV, 4.81% for wind, 2.41% for biomass, 1.30% 
for goethermal and 0.86% for small hydropower.   The LCOE for the technologies vary between 
39$MWh-1 for hydropower and 89$MWh-1 for solar PV with overall average of 32.12$MWh-1. 
 
Table 6.10 Summarızed Results for Projected Future Renewable Energy Generation Mix, 2035 (Scenario 9) 
Description Unit Solar 
PV 





Penetration Level % 15 4 3 1 1 76 100 
Capacity Share % 26,1 4,6 1,7 0,5 0,9 66,1 100 
Cummulative Investment 
Cost 
US$Billion 4,01 0,78 0,39 0,21 0,14 10,67 16,20 
Cumulative RET Capacity MW 2749,62 488,82 183,31 52,37 91,65 6965,71 10531,49 
Annual Aver. RET Capacity MW 152.76 27.16 10.18 2.91 5.09 386.98 585.08 
RET Electricity generation TWh 4,82 1,28 0,96 0,32 0,32 24,41 32,12 
Geothermal $     7 631 352,65  $ 9 836 552,98  $        12 041 753,30   $        12 482 793,37  








89,0 61,0 44,0 66,0 39,0 39,0  
 
The study highlights that the sector has various challenges and opportunities for deployment of 
RETs. Hence, in order for the sector to be attractive for RETs, it is paramount essential for the 
government to phase out electricity subsidies in order to reach cost reflective electricity price. 
Currently, the electricity price in Zambia is among the lowest in SADC region and government 
spends huge sum of money to cover the cost. Furthermore, there is need to develop implementation 
method for deployment of RETs across the country to help not only in increasing electrification 
rates but also reduces grid losses and voltage drops. This will help improve the quality and 
reliability of electricity supply in the region and the country. In addition, increasing grid coverage 
in the country while promoting private and public participation in the sector through government 
soft loans mechanisms could shed more light in accelerating RETs deployment in the country. The 
study provides a trajectory for electricity supply diversification for the period 2019-2035. It is 
expected that if the current government plans are followed and achieved and according to this 
study the electricity supply diversification will increase supply security by 2035 at an estimated 
cost of about US$16.20 billion, equivalent to an annual capital investment of US$899.94 million. 
In addition, diversity of electricity sector by considering various technologies is essential aspect 
of energy security as in diversification of supply sources. Since energy security is an essential 
element of any power system. 
6.8 CONCLUSION 
The Zambia’s electricity sector just like most SADC member states, is facing numerous challenges 
associated with energy security.  This is due to rapid energy demand growth, lower energy 
accessibility caused by  lower grid coverage, high dependence on only one energy source 
hydropower. Hydropower is affected by climate change which was evident in the past few years 
due to increased droughts that impacted water levels in major dams. This resulted into undermining 
the hydropower plants electricity generation capacity leading to social and economical impacts 
due to long periods of power cuts and load-shedding. According to studies conducted by ZESCO 
and JICA including this study, by 2035, Zambia total net electricity demand is expected to reach 
42.54 TWh about threefold increase from 14 TWh per year in 2018. This increase would require 
installation capacity of about 13.3 GW of electrical power by 2035. As of January 2019, the 
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installed capacity was about 2.9 GW implying that an additional new capacity of 10.4 GW is 
required by 2035. However, according to analysis and also due to lower capacity factor of 
renewable energy generation technologies  more than 10.5GW of new installation capacity is 
require in the overall national energy mix to meet the projected energy demand for the country. To 
develop this capacity requires an overall cumulatıve investment in renewable energy technologies 
(RET) estimated at US$ 16.2 billion by 2035. Hence, to attain such targets, Zambia requires 
finding and developing investment strategies for short and long term which should include timely 
investment in electricity generation and transmission sector.  This study will help decision makers 
in making informed investment plan and decisions towards achieving sustainability in the 
electricity sector of the country.  
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CHAPTER VII: 
7  CONCLUSION AND RECOMMENDATION 
In conclusion, it is observed that despite the potential RE projects, Zambia is still in its embryonic 
stages in harnessing its abundant RE resources due to some policy weaknesses. Inherently, there 
are severe institutional weakness in the energy departments of the country driven by factors such 
as lack of coordination, infrastructure, resources and competency. Limited literature and scholarly 
writings on energy planning in Zambia regarding the energy situation in Zambia is available. We 
must state that these have never motivated the government in devising workable energy policies 
that would stimulate the RE growth curve. This research explored and provided a detailed review 
pertaining to RE development, the status of energy policies and the electricity sector in Zambia. 
The study conclusively showed that although Zambia continues to diligently formulate energy 
polices, it fails to implement these energy policies due to a lack of integrated energy planning 
efforts. Several factors that contributed to the non-implementation of the energy policies were 
identified by this study. One of these is the failure to raise or receive funding in time. This has 
caused a lot of setbacks in the implementation of RE projects. Furthermore, the policy makers fail 
to implicitly set short-, middle- and long-term realistic and tangible targets in energy policy 
formulation and development. With such setbacks, it is necessary to put in place a framework or a 
process to critically review the energy policy development in Zambia. The development of such a 
framework is anticipated to provide strategic energy planning and a policy roadmap for addressing 
the ever-increasing demand for electricity 
This research has also presented a comprehensive method for analysing renewable energy policy 
for the promotion of solar PV system implementation in Zambia. The research calculated the 
expected solar PV cumulative capacity and cost of policy promotion for the long-term solar 
investment at different REFIT and subsidy rates. The results not only indicate the impact of initial 
REFIT and capital subsidy on accumulative solar PV capacity, but also shows the potential cost 
of solar PV policy promotion, accumulative CO2 emission reduction and average cost of CO2 
emission reduction. The results also show that increasing either REFIT or capital subsidy are a 
better approach to attracting investment in renewable energy sector. It can be concluded that 
increasing both REFIT and subsidies has greater influence in increasing willingness for public 
participation in the RET implementation but at government expense. Hence, a balance of both is a 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  177 
must. In the context of Zambia, a higher subsidy, such as a completely import duty exemptions 
and tax holiday for the first few years of project operation is necessary. This must be coupled with 
the REFIT price close to current electricity price to avoid huge policy promotion by government. 
The research found that increasing REFIT results in initial sharp and rapid investment in solar PV 
accompanied with higher cost of policy promotion. However, for a gradual long-term 
accumulation of solar PV capacity, increasing capital subsidies is the best option. The combination 
of REFIT and capital subsidies analysis indicate that, lower cost of policy promotion coupled with 
gradual and higher accumulation of solar PV capacity can be achieved at lower REFIT and higher 
capital subsidy. But to rapidly address the current electricity deficits in Zambia, increasing initial 
REFIT to about 90 $MWh-1, at zero capital subsidies can help in quickly attain the set target (600 
MW).  In summary, this study provides a method for policy implementation and an analysis on the 
impact of policy options while balancing competing government policy budget. The results will 
directly help the government and electric utility to recognize the policy combination potential in 
achieving government set targets and in the setting of  REFIT for solar PV systems. 
The research furthermore provides a systematic analysis of the impact of the new renewable energy 
technology on the imported energy dependency and system security in Zambia. A closed loop and 
system dynamic model for the Zambia sustainable renewable energy policy-ZASREP was 
modelled and steps highlighted to reveal the dynamic factors between the energy policy 
formulation, system security and the deployment of RETs. Eleven (11) scenario options ranging 
from the base case scenario to scenario policy 10 (P10) were critically analysed. A conclusion was 
arrived at that policy 9 (P9) provides the most plausible RE policy target of the country. The 
authors then conclude based on the results that the model can also be used to set the RE targets of 
the country. Zambia should look at increasing the RETs share to 15% solar, 4% wind, 3% Biomass, 
1% small hydro, 1% geothermal and 76% large hydro as a more realistic and achievable target of 
the RE sector by the year 2035. It can also be concluded that the Policy 9 provides a system security 
for the country as the country would then turn to be a chief exporter of energy in the region and 
this would also lead to the country achieving electrification levels above 35% SADC average 
electricity access. ZASREP model does not factor in the climatic effect in the country, willingness 
to adopt the technology by various stakeholders but assumes that the sustainable pillars are all 
balanced and in align with the seventh national development plan (7NDP), vision 2030 and the 
SADC/AU 2063 plan. This model has then been designed for the SADC region and with a 
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situational analysis for Zambia with the stocks and closed loops been country specific. Therefore, 
this makes the model flexible to be used for both developed and developing countries and adoption 
in region. 
In addition, in this research a comparative analysis of 15 SADC member state in terms of their 
ability to provide secure, affordable and environmentally sustainable energy system has been 
conducted. The sustainability assessment of  SADC countries’ electricity Industry has been 
conducted based on the following electricity sector performance indicators  and criteria; electricity 
supply and demand affordability of and access to electricity and environmental social impact of a 
member state’s electricity production and use, diversity of electricity supply, quality of supply, 
affordability of electricity. The following summarizes the finding of the study; 
SADC region and member countries have a vast potential of renewable energy source which can 
be tapped for electricity production for both rural and urban areas. This potential if utilized to 
produce electricity, the majority of SADC member countries without access to electricity would 
start benefiting too. In addition, if use of RET is combined with energy efficiency policies as stated 
in SADC member countries targets, the region could substantially avoid the situation that occurred 
in the past decade of electricity deficit in region and its members states. furthermore, the use of 
RE in the regional and national electricity generation mix, will result into delivery of better health 
services, better living standards of the population in urban areas as well as in rural areas which 
will tremendously be improved leading to sustainable and clean cities and communities.  
The SADC region member states’ economy is highly dependent on commodity, thus due to 
decrease in commodity price on the international market experienced in the past few years the 
economy of many SADC countries experienced a drastic decrease.  
Currently, the access levels to electricity in SADC member states have still remained a challenge, 
particularly in rural areas. SADC region have a population of approximately 341million people, 
however only about 48% of the total household have access to electricity. According to SACREEE 
(2018) the majority of the population lives in rural areas. However, out of the total population that 
lives in rural areas only about 32% have access to modern energy services leaving the majority to 
depend on wood fuel and other traditional energy sources for their household energy needs.  On 
the other hand, of the total urban population only 75% of the household have access to electricity.  
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  179 
In terms of RE share targets, it is noted that all the member countries have put up targets to be 
achieved by 2030. Assuming that the targets set by SADC member countries is realized as planned 
by 2030, it is expected that low-carbon renewable energy technologies (RETs) would contribute 
significantly to the future electricity generation mix and development of sustainable electricity 
industry in SADC region. Hence, it is expected that the future electricity industry in the  SADC 
region will go greener and clean as compared to present status. 
It has also been argued that electricity tariffs within the electricity industry should reflect the true 
value of electricity services and costs of electricity production, transmissions and distribution, 
including external benefits and costs of the industry, such as the environmental harms of 
greenhouse gas emissions. In theory, it is such prices that will drive efficient industry operational 
and investment decisions that maximise societal benefit. However, according to the electricity 
prices practiced in the SADC region, it is clear that subsidies are highly practiced by many SADC 
member countries as one of the approaches to reach electricity affordability and also accelerate 
access to electricity among lower income households. However, the subsidy burden is leading to 
national budget deficits which is huge among SADC countries as seen in Zambia during the period 
2014-2017 when the electricity deficit was covered  by importing electricity from neighboring 
countries at cost reflect price which did cost the utility company and the government huge sum of 
dollars.   
Therefore, the policies that are based on addressing human basic needs such as increasing access 
to electricity and improving national or regional energy security, should also consider 
environmental and social acceptability more especially in developing countries like SADC 
countries but the electricity cost should also reflect the true cost of the electricity services 
The Zambia’s electricity sector just like most SADC member states, is facing numeraous 
challenges associated with energy security  due to rapid energy demand growth, lower energy 
accessibility caused by  lower grid coverage, high dependence on only one energy source 
hydropower. Hydropower is affected by climate change which was evident in the past few years 
which due to increased droughts that impacted water levels in major dams resulted into 
undermining the hydropower plants electricity generation capacity leading to social and 
economical impacts due to long periods power cuts and load-shedding. According to studies 
conducted by ZESCO and JICA including this study, by 2035, Zambia total net electricity demand 
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is expected to reach 42.54 TWh about threefold increase from 14 TWh per year in 2018. This 
increase would require installation capacity of about 13.3GW of electrical power by 2035. As of 
January 2019, the installed capacity was about 2.9 GW implying that an additional new capacity 
of 10.4 GW is required by 2035. However, according to analysis and also due to lower capacity 
factor of renewable energy generation technologies  more than 10.5 GW of new installation 
capacity is require in the overall national energy mix to meet the projected energy demand for the 
country. To develop this capacity requires an overall cumulatıve investment in renewable energy 
technologies (RET) estimated at US$ 16.2 billion by 2035. Hence, to attain such targets, Zambia 
requires finding and developing investment strategies for short and long term which should include 
timely investment in electricity generation and transmission sector.  
7.1 Contribution to The Body of Knowledge  
This research formulated a model that relates policy to energy development. The research shows 
that policy planning and energy development must be done from sustainability point of view 
through intergrated resource planning driven by the real reflective tariff and targets. Despite the 
abundance of literatue and research on the implementation of RE policies and success stories, there 
exist no research on the same in the Zambian context.  
This research therefore proposes a Zambia sustainable renewable energy policy (ZASREP) 
framework for implementation policy model for the promotion of renewable energy using system 
analysis and system dynamics to evaluate the model. A better understanding of energy policies 
and implementation models could assist many developing countries to reach a global optimal 
instead of local sub-optimal in their quest to promote renewable energy and electrification services. 
The designed models, ZASREP, Solar dynamic model using system dynamics and the 
questionnaire analysis using statistical tools such as Epidata and STATA provide a strategic policy 
study for the system security and development of renewable energy technology in the country. 
Therefore the establishment of this study provides a unique and systematic framework of achieving 
the policy formulation,target setting using an intergrated resource  planning through the Zambia 
Sustainable Renewable Energy Planning Policy (ZASREP). 
Hence, the findings of the research provide academics, policy makers, independent power 
producers and consumers with enhanced knowledge of literature of the factors that will 
successfully enable the implementation of the Zambia sustainable renewable energy policy-
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ZASREP framework that could incorporate the intergrated resource planning in the country. 
Therefore, this research contributes to the literature on sustainable renewable energy policy and 
energy targets in Zambia, by analyzing a new phenomenon, the recent rise of energy plans and 
energy policies on renewable energy in developed and developing countries, which contribute to 
successful deployment and implementation of renewable energy. Previous research provides good 
understanding of current growth of renewable energy installation and expanding traditional 
renewable energy policies in many countries, but it is limited in explaining countries.  This 
research also contributes to the literature on policies, setting renewable energy targets and 
electrification in Zambia which tends to exhibit gaps. Despite the rise concern of energy deficit 
after the global climatic crisis, its context has been less understood. Hence, this research 
complements the literature by analyzing a case of one of the forms of policy reforms and impacts 
to renewable energy deployment. The scenario analysis for the sustainable renewable energy 
policy framework integrates the sustainable development goals by factoring in the economic, 
environmental and social aspects of the sector to align to increasing the security of energy supply. 
Furthermore, the `ZASREP framewok provides structure inputs and recognition guidelines and 
measurements that could be used to drive policy development  within any organisation.The study 
provides a process and policy  formulation framework as a contribution to the energy sector 
fratenity that is simple enough to customise and provide scalable implemetation options for an 
organisation of any size and applicable to any industry.This includes a policy formulation 
organisation design blue print that promotes learning and innovation. This research will help 
decision makers in making informed investment plan and decisions towards achieving 
sustainability in the electricity sector of the country. It will also help in development of long-term 
appropriate milestones and power strategies including actions for achieving country’s electricity 
supply security. Hence, the study is important for sustainable electricity sector development for a 
region or  country which can be adopted for application in other developing countries which have 
similar situation like Zambia. Therefore, it is hoped that this research will go a long way to help 
guide decision makers in developing strategies and policies for sustainable future electricity 
generation fuel mix development in Zambia. 
This will further help in making informed investment plan and decisions towards achieving 
sustainability in the electricity sector of the region. Hence, the study is important for sustainable 
electricity sector development in the region and tracing the progress .  
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8 APPENDICES  
Renewable Energy Technology Status, Prospects and Challenges in Zambia: A Review 
       Research question 1- Article 1 results 
,,, 
 
• Research question - RQ1:  
What are the factors that determine renewable energy 
policy developments in Zambia?  
• Research objectives: 
  
 
To study the factors that affect renewable energy policy  
development and usage patterns in developing countries  
Zambia.  
  
• Article name: 
  
Solar Photovoltaic Technology Status, Prospects and  
Challenges in Zambia: A Review 
  
• Published in: 
  
 ISEM  2016 conference proceedings  
  
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  193 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  194 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  195 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  196 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  197 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  198 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  199 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  200 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  201 
 
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  202 
 
Renewable Energy Progress in Zambia: A Review 
Research question 2- Article 2 results 
 
 
• Research Question - RQ2. 
  
What are the factors that determine renewable  
energy implementation and usage in Zambia? 
• Research Objectives: 
  
To study the factors affecting the large-scale renewable  
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Abstract: Regionally, Southern Africa is facing many challenges with regard to the level of access to energy. The 
situation is most compounded in the rural areas where poverty and lack of development are taking place at a snail 
pace. In order to achieve and promote sustainable development, the use  of solar energy has been regarded by the 
government of Zambia and the sub-Saharan African region as the best alternative to the current  energy deficit that 
the region is facing.  To begin with, the government of Zambia, in the last decade,  has supported solar 
photovoltaic energy research and development. However, the country has had challenges with achieving the set 
targets of connecting 10,000 new household by 2013 and ended up reducing the target to 2500 households of 
which 500 household of the proposed target was connected in 2015. This review is a desktop study of the on-going 
research on the solar energy  and policy analysis of  Zambia. It reviews the current solar photovoltaic and 
renewable energy trends in Zambia based on secondary data collected from various literatures, reports, and local 
contacts. The paper also highlights some of the solar energy achievements and failures in Zambia such as the 
50MW solar mini-grid with the lowest tariff of US$0.0602 unit per kilowatt-hour and as well as the efforts, the 
government of Zambia has made through the help of international donors and the World Bank to scale up 
initiatives. Finally, it has also discussed the Zambian government policies and initiatives to promote deployment 
of solar energy technologies in the country. The review of solar photovoltaic energy is vital, as it will help the 
decision makers and various stakeholders to understand the current renewable status, barriers and challenges in 
Zambia and find alternative ways to overcome these challenges and barriers. 
 
Key words: Photovoltaic, Solar Energy, Zambia, sustainable development  
 
1. INTRODUCTION 
Zambia as a country has had many challenges concerning 
energy generation. The country as whole, since the onset 
of drought, had challenges in maintaining the load balance 
between the rural and urban areas. Of the two, the rural 
areas have faced a lot of energy driven challenges due to 
their insignificance in the economic and development 
growth of the country. In order to maintain this 
imbalance, and achieve sustainable development, the 
government has considered and put as a priority solar 
energy as an alternative to the dominant hydro power 
generation. Achieving sustainable  development and use  
of solar energy have been regarded by the government of 
Zambia  and the sub–Saharan African region as the best 
alternative to the current  energy deficit in the region as a 
whole. Generally, Africa is the worst hit in energy deficit 
followed by  the Asian continent due to over reliance on 
carbon driven energy. In these continents, millions of 
people are still living on an average of 2USD per day. 
Despite not having other alternative forms of energy such 
as nuclear energy in developing countries, disposal would 
also be a challenge making it not a best option. As a 
result, lack of better energy alternatives in developing 
countries has caused many challenges such as economic 
growth, basic medical services, and better opportunities. 
In the midst of  all challenges, achieving universal access 
to electricity is one of the main goals set by the United 
Nations for the global energy sector [1] and as well as 
embracing the sustainanble development goal seven 
(ensure access to affordable, relaiable, sustainable  and 
modern energy for all). Southern Africa has embraced the 
set  goals  despite of late been hit with  major energy 
crisis due to escalating demand growth and capacity 
addition projects that are lagging behind targeted 
schedules. The region needs to examine largely the 
interaction between energy and society in order to address 
the energy trilemma such as security, equity and 
environmental sustainability. In  the past years,a call to  
scale up the  renewable energy sector has  since seen a 
rise.  In 2012, Southern African Power Pool’s (SAPP) 
total installed capacity was 57,182 Megawatts (MW) with 
an available generation capacity of 51,702 MW, against a 
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peak demand of 53,833 MW [2]. Subsequently, at the 
regional level there is a peak deficit of about 2,131MW 
and a strong movement to embrace non-hydro renewable 
energy. Most of the  countries in the SAPP have started to 
determine their grid capacity to accommodate renewable 
energy base power systems and policies to import 
renewable energy-based electricity, as can be seen in 
South Africa [2].Zambia  has  to priotised to address the 
energy crisis both locally and in the region. Zambia is a 
Southern Africa Development Community (SADC) 
member state with a population of nearly 16 million 
people, an average growth rate of 2.9% and currently with 
urbanisation rate of 3.2% [3] [4] [5]. Zambia plays a 
critical role in the SAPP, as an interconnector to the 
Congo River Basin [2].  
The objective of this paper is to give a comprehensive 
review of solar energy progress in Zambia. First, a brief 
overview on the current energy status of Zambia is 
provided. Then, the progress status of solar energy 
development and potential is presented. We believe that 
this review on solar photovoltaic energy will help scholars 
and various stakeholders to understand the current solar 
energy status, barriers and challenges that the country is 
facing. 
1.1. Energy Supply and Demand in Zambia  
 
The supply capacity of electricity in Zambia has not seen 
any significant growth since the past decade. This deficit 
in the supply is due to the increasing demand for 
electricity for domestic, commercial, agricultural, 
industrial, and mining use [6]. In Zambia it was estimated 
that, the generation capacity would meet the peak demand   
before 2010 and from 2012 to 2017 a peak power demand 
of 2000 to 2500 MW would occur, which is beyond the 
current generation capacity as shown in figure 1 [7]. This 
deficit in energy supply has lead to demand side 
management DSM) or load curtailment as an intermediate 
solution to the problem [6] [4]. With such energy 
inadequacy  the country has lined up programs to  
significantly tap energy  from renewable energy 
resources, such as biomass, solar, wind and geothermal 
energy that can be exploited for both on-grid and mini 
grid systems than only from hydro. Though hydro has 
been the major source of electricity, its untapped 
potential, considering the abundance of water resources, 
remains to be high in the country. Hydropower resources 
are estimated to exceed 6,000 MW, of which only 1,760 
MW has been developed [8], including approximately 24 
MW of mini-hydro projects [3]. The current installed 
capacity is above 1,900 megawatts (MW) of which 3,000 
MW could be harvested through planned solar projects [3] 
[4].The main supplier of the tapped hydro is the vertically 
integrated national public utility, the Zambia Electricity 
Supply Corporation (ZESCO). It dominates the electricity 
supply industry with a significant share of  about 94%, 
with two other operators providing a small share (6%) of 
generation and 86% and 14% of transmission capacity, 
respectively [6].  
 
              Figure 1: Projected Power Demand [7] 
2. APPROACH AND FINDINGS  
This paper is an extract of the on-going research on the 
energy and policy analysis in Zambia. A review of 
secondary data from the internet was   conducted. 
Literatures’ pertaining to Zambia from 1990s to 2016 was 
read in order to get the insight on the renewable energy 
progress in Zambia. Challenges arose when much of the 
information was not found from the official Zambian 
energy organizational websites as they were not up to date 
but had vital information concerning the status   in the 
country. The literature on energy, policies and renewable 
energy in Zambia was considered for this write up.  
3. STATUS OF SOLAR ENERGY AND   PV 
TECHNOLOGY IN ZAMBIA  
In the recent past rural electrification in the country has 
been achieved   mainly through grid extension by ZESCO 
[9] [10], until 2006 when REA was fully established and 
put in charge of rural electrification. In 2008, the first 
approach of the REA was to provide rural access through 
grid extension and only completed 53 grid extension 
projects. The slow progress in grid extension encouraged 
the REA to rethink its rural electrification approach and 
include solar home systems and off-grid PV systems.  
According to renewable energy assessment carried out by 
National Energy Policy (NEP) in 2008, Zambia is 
endowed with high solar radiation levels as shown in 
figure 2[9]. The total annual solar energy that the country 
receives are  estimated to be in between 2100 and 25005 
kWh/m2 ,with average annual daily solar radiation of 
about 5.5kWh/m2/day [11].  Such high solar radiations 
levels are good for both electricity generation and thermal 
energy systems which can be used in the energy mix with 
other renewable energy sources like hydro.To date the 
rural electrification authority (REA), Ministtry of Energy 
and Water Development (MEWD), and Energy Service 
Company has installed solar  PV systems in schools,
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community center, chief’s palaces and households  
across the country and a 60kW solar off-grid  PV 
System as summarized in table 1  [11] [12]. 
 
 
Table 1: Solar PV Technology Status in Zambia [8, 9, 10] 
 
Description  PV Technology Status 
MEWD 
(No. of Units) 
REA 






per  unit 
Schools  400 250 - =>1kW 
Households  500 199 >1kW 
Community centers  50 264 =<1kW 
Chief’s Palaces  50 - =>1kW 
Off-Mini grid  - 1 - 60kW 
Average Total 
Installed Capacity  
=<2MW 
 
However, despite abundance of solar irradiation  levels 
been considered to be high in the country, the  
 
contribution of solar energy to energy mix has still 
remained low as can be noticed in Table 1.
 
Figure 2:Solar Irradiation Distribution in Zambia [13] 
3.1 Barriers and Challenges to wider deployment 
of solar PV Technologies in Zambia 
 
Zambia has a huge solar energy potential, which is 
well distributed across the country as shown in figure 
2 above , that can be tapped for electricity generation 
and other uses. However, the country faces various 
barriers and challenges in the distribution and 
utilization of this energy potential as an alternative for 
electricity generation. Different groups that want to 
invest in solar energy faces various barriers and 
challenges. The groups facing  these barriers and 
challenges to invest in solar PV technology can be 
divided into three groups namely the public, the local 
investors, and the foreign investors. 
The Public: The public faces various challenges to 
participate in the use and deployment of solar PV 
technologies such as [3] [2]: 
! Lack of availability of  information  on the 
use of solar PV technologies, 
! Lack of awareness and community 
participation in the solar energy project,  
! High initial cost than normal due to huge 
interest solar technology distribution 
companies charge to capitalize on the 
ignorance of the citizens, 
! Lack of expertise to encourage the public to 
invest in solar PV technologies educate and 
offer trainings to communities in order for
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! them to participate and use affordable RET 
to satisfy their basic energy needs for 
consumption. 
The Local Investors: At the same time, the local 
investor usually faces a huge drawback to invest in the 
renewable energy technologies such as solar PV 
technologies due to the following challenges and 
barriers [14]. 
 
! Technical and financial constraints such as 
lack of technical expertise to develop 
bankable renewable energy based power 
plants project proposal 
! Insufficient working capital due to difficult 
to access the loans in the country 
! High interest rates offered by banks due to 
high risk perceptions 
! Lack of expertise from local financial 
institutions to give appraise to renewable 
energy based off-grid or grid connected 
project proposals 
 
The Foreign Investors: The current situation in the 
energy sector in Zambia does not provide attraction to 
the international investors due to some of the following 
barriers and challenges particularly in electricity 
business [1]: 
 
! Low tariffs making investment into 
electricity sector unattractive 
! Absent of regulatory frameworks which 
stunt investment and growth of the energy 
sector 
! Lack grid code for renewable energy 
technology and infrastructure hurdles like 
lack quality testing 
! Relatively low market for off-grid due to 
low income of end users in rural areas 
hinders foreign investors to virtue into off-
grid PV systems. 
 
However, despite its huge initial capital costs, solar 
photovoltaic technology has evolved over the years. 
The  solar  energy technology offers a number of 
opportunities to the country such as employment  
creation for both rural and  urban, access to reliable and 
affordable clean energy, energy security, access to 
clean and safe water such as in solar PV water pumping 
system and lastly but not the least sustainability. 
Sustainability is very important for the progress of the 
society and economic development for the national. In 
addition, solar energy can be used to mitigate the 
energy deficit the country is currently facing since it is 
during the day when the demand is above the 
generation and during this time the country receives 
huge amount of solar energy. 
 
3.2 Scaling up programs for Solar PV 
technologies in Zambia  
 
In Zambia most of solar PV technology based programs 
are handled by the Rural Electrification Authority 
(REA), Energy Regulation Board (ERB), and private 
sector projects. However, despite of a number of 
program that were/or have been launched by either 
government or international nongovernmental 
organization most of the programs and projects failures 
have mostly been attributed to financial constraints, 
delayed implementation and lack of expertise.  Hence, 
to overcome these failures the government has setup a 
number of programs such as: 
Training of ERB and REA officers and equip them 
with the knowledge needed for the effective 
performance of the organizations [4].  
Create an office for promoting private power 
investment in order to help developers of more than 
10MW power plants in Zambia in terms of paper work 
and environmental impact assessments [3, 11]. 
REA through the help of Swedish government has 
formulated a number of the solar home system projects 
in Eastern province of Zambia [14, 15, 7]. 
The World bank have initialed a solar energy source 
mapping program across the country in order to guide 
new entrants [17]. 
3.1 Government initiatives to promote use of Solar 
Energy technologies in Zambia 
 
The government of Zambia in its National Energy Plan 
has set a number of goals and objectives to achieve by 
2030. In order  to include solar energy in the energy 
mix,  the government is intending to deploy about 
500,000 solar home systems across the country and 
establish solar PV farms producing at least  100MW. 
Therefore, in order to encourage private sector 
participation in the energy sector the government of 
Zambia through REA and  ERB have  initialized a 
number of financial incentives to promote deployment 
and investment in renewable energy technologies. 
These incentives can be divided into two main groups 
i.e investment and production incentives. For example 
the minister of energy announced in parliament that the 
“government of zambia is evaluating bids for 
development of 300 MW solar power plants across the 
country”. Furthermore, the government has since 
started the tender process of procuring 600 MW of solar 
power through the Industrial Development Corporation 
(IDC). Two plants of 50MW each constitute Round 1 
of the 600 MW program. This will cost approximately 
USD1.2 billion - and all of this will be primarily 
financed by the private sector with IDC funding a 
minority shareholding on behalf of Zambians [15]. 
 
Investment incentives: In order to overcome the huge 
initial investment cost barriers that comes with 
renewable energy technologies, the government of 
Zambia has introduced tax waivers on all imported 
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renewable energy technologies such as solar energy 
technologies. 
 
Production Incentives: The electricity supply sector i.e 
generation, transmission,and distribution in Zambia is 
mainly dominated by the Zesco limited which is 
vertically integrated utility fully owned by the 
government of Zambia. Thus, in order to open the 
sector for other companies to contribute to the energy 
sector and encourage energy production from 
renewable energy technologies such as solar PV 
technologies, the government of Zambia through 
Department of Energy in the Ministry of Mines, Energy 
and Water Development has introduced a feed-in-tariff 
for all energy generated from renewable energies [6]. 
Furthermore, in order to stimulate private sector 
participation, the government through Energy 
Regulation Board has increased the energy tariff by 
25% . In addition, to encourage development of off-grid 
mini grid in rural areas far away from main electric 
grid, recently the government of Zambia has set up the 
lowest price of 0.06 USD /kWh for energy generated 
from min grid plants based on renewable energy, which 
will be constant for next 25years. The set price is higher 
compared to Dubai’s which is 0.03 USD /KWh, 
Mexico with 0.045 USD /kWh  and Peru with  0.048 
USD /kWh as shown in Figure 3 below. 
 
 
   Figure 3: Price of Solar Energy Generated by Mini-
Grid across the Globe [16] 
4. FUTURE PROSPECTS OF SOLAR ENERGY 
TECHNOLOGIES IN ZAMBIA 
The future prospects of solar PV technologies in 
Zambia looks pride with the government initiatives, set 
goals, and objectives in the National Energy Policy.  
The government of Zambia has dedicated itself to 
increase current energy access levels from the current 
4% for rural areas to 50% and also increase the levels 
for urban areas to 90% by 2030. In order to overcome 
the ever increasing energy demand which  is expected 
to increase from 8.1TWh  in fiscal year 2007  to 
16.6TWh in 2020 and 21.6TWh in fiscal year 2030 at a 
growth rate of 5.7% per year up to 2020 and 4.4% per 
year up to 2030, the government have included in its 
plan to diversify energy mix by including solar energy 
based technologies such as utility scale PV systems and 
solar home systems[16, 17]. Therefore, in the next 
14years the government of Zambia is planning to 
distribute about 500,000 solar home systems and install 
utility scale PV system of at least 100MW across the 
country [19,20]. Furthermore, in few years to come the 
government through build-own-operate model intends 
to install a total of 30MW in three provinces of Zambia, 
10MW in Eastern, 10MW in Luapula and another 
10MW in Northwestern Provinces of Zambia. In 
addition, in order to attract both local and foreign 
investors, the government of Zambia through Energy 
Regulation Board (ERB) has introduced feed-in-tariff 
and has set the energy price for mini off grid renewable 
energy based power system at USD 6cents/kWh for the 
next 25years. At the same time the government has 
introduced investment incentives in order to reduce the 
huge initial capital investment cost that are associated 
with renewable energy based technologies. 
5. LESSONS LEARNT AND RECOMMENDATIONS 
The increase in energy demand clearly shows the need 
for Zambia to venture more into renewable energies in 
the future energy mix[16]. Plans should include 
meeting the growing energy demand in a sustainable 
way and still meet the current deficits. The renewable 
energy strategy should includes long-term renewable 
energy targets for specific applications. The 
government should consider setting tangible target for 
the RE sector. There is need to conduct research in the 
proposed developmental sites to avoid projects to be 
dropped and considered unattainable in future. Much 
has to be done to bring all solar technologies in the 
country to address the current shortages of electricity 
both in rural and urban area. The projects which were  
intended to address the shortage are behind schedule  
and are failing to meet the deadline due to lack of 
funding. Zambia has low tariffs making investment into 
the electricity sector unattractive. The country also 
experiences   poor project preparation and entry and 
this has led to most projects been dropped at 
implementation stage. There are also issues with power 
purchase agreements (PPA), absent regulatory 
frameworks stunt investment and growth  in the energy 
sector. Additionally the infrastructure hurdles such as 
grid connections, manufacturing, and quality testing 
impede development of the Zambia’s renewable energy 
potential [1]. The relatively small size of the off-grid 
market and low income of perceived end-users do not 
make it substantially attractive to foreign investors, 
which is why the sector has mainly involved local 
private operators with the support of donors and 
development partners. Even though the support of local 
private operators is a good step towards local 
empowerment,  the local private operators face 
technical and financial constraints, which may 
sometimes include lack of technical expertise to 
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develop bankable proposals, insufficient working 
capital due to difficult access to loans, high interest 
rates due to high risk perception, and lack of expertise  
from local financial institutions in appraising off-grid 
renewable energy proposals [14].Even under such 
constraints and challenges, Zambia agreed to be part of 
the Renewable Readiness Assessment (RRA) roll-out 
project supported by the International Renewable 
Energy Agency (IRENA) to enhance the deployment of 
renewable energy in Africa and globally [12]. The RRA 
consultations have given Zambia the chance to more 
carefully consider how to exploit its extensive 
renewable energy resources. It will require technical, 
policy, regulatory and capacity readiness with specific 
regard to developing renewable energy [3].  
 
6.  CONCLUSIONS 
The paper has presented the overview of the status of 
solar energy source distribution and present status, 
barriers and challenges, and government initiatives to 
promote solar PV technology  in Zambia. It has further 
presented some lessons learnt and highlighted some 
recommendation for further consideration on the matter 
at hand. Zambia has a huge solar potential to tap in for 
electricity generation and other uses, with the current 
energy demand growth solar PV technology offers a 
best alternative for future sustainable energy mix. With 
such a growth results a rapid urbanization and 
improving standards of living for millions of Zambian 
households hence the demand is likely to grow 
significantly in the near future. Therefore, Zambia 
needs to realize the vast solar energy potential and  step 
up efforts if  it is to  attaining the sustainable 
development goals set up by United Nation and also if 
the country is to achieve the new set goals of increasing 
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Abstract Southern Africa Development Community (SADC)  
is endowed with abundance of natural energy sources ranging 
from fossil fuels to renewable energy sources that are used in 
the national and region energy mix.  However, use of fossil 
fuels in the  energy mix to meet the ever increasing electricity 
demand  have  been predicted to be the main cause of the GHG 
emissions in the world. Energy is a one of regi a  c i ica  
area of Priority B in the new revised Regional Indicative 
Strategic Development Plan (RISDP) 2015-2020 which provide 
advises to ensure that the regional and national policies are in 
accordance with achieving the security, reliability, and 
sustainability of the energy industry of the region. Therefore, 
the provision of reliable and sustainable energy for the region 
ha  c i ed  be a i i  f  SADC e be  a e  
development agenda. Therefore, this paper assesses the 
progress and sustainability of electricity sectors in SADC 
member countries using the three pillars of sustainability; 
economical, environmental and social. These three aspects are 
particularly key principles of achieving electricity 
sustainability, in a way that is socially, environmentally 
acceptable and economically viable which is appropriate for 
sustainable electricity sectors. The study is based on the 
secondary data from various sources and literatures.  The 
identification of the country practicing more sustainability in 
i  e ec ici  ec  i  be ba ed  4EA  ha  ake  i  
consideration three key pillars of sustainability. The results of 
sustainability assessment of SADC countries electricity 
industry will play vital role in providing a basis to assist and 
guide in policy making by better understanding of the current 
and future challenges emerging in the region electricity sector 
and alternatives in addressing these issues. This will further 
help in making informed investment plan and decisions 
towards achieving sustainability in the electricity sector of the 
region. Hence, the study is important for sustainable electricity 
sector development in the region and tracing the progress 
made by SADC member countries towards achieving 
sustainable electricity sector development.  
Keywords-energy sustainability, renewable energy source 
(RES), renewable energy technology (RET), SADC, zambia.   
I. INTRODUCTION 
The electricity industry during the past decades, have 
significantly increased in overall CO2 (see fig.1) and  CO2 
emissions per capita primarily due to growth in electricity 
industry and increased demand and access to electricity. This 
is particularly in fast growing economy countries [1, 2]. 
Apparently, the electricity industry is one of the major 
contributors to greenhouse emissions worldwide due to its 
heavy dependency on fossil fuels, such as, diesel, gas and 
coal [2]. However, the electricity industry is also one of 
essential sectors that play a major role in achieving socio-
economical welfare of world [3].  
Currently, due to numerous challenges such as rapid and 
yet highly uncertainty energy demand growth due to rapid 
population growth and economic activities, reduced fossil 
fuel reserves, high and volatile fossil fuel prices, energy 
security and environmental impacts, there is a raise in 
growing concern across the global [4], [5] Hence, it is 
apparently clear that the electricity industry currently 
presents a greater sustainability challenge given its essential 
role it plays in both socio-economical development and 
environmental degradation.  
 
 
Figure 1. Global energy related CO2 emission, 2000-2017[1] 
Therefore, presently the major concern across the global 
is how to direct future electricity industry development in a 
manner that ensures adequate access to clean, reliable and 
affordable electricity in a socially and environmentally 
acceptable way while economically viable. This is more 
essential for Sub-Saharan African countries in addressing 
numerous pressing energy service challenges [6, 7]. The 
low-carbon emission renewable electricity generation 
technologies such as solar photovoltaic (PV), concentrated 
solar power (CSP), wind, hydroelectric, geothermal and 
biomass energy technologies are increasingly recognized as 
the essential complements to existing high-carbon 
260
2019 IEEE 2nd International Conference on Renewable Energy and Power Engineering
978-1-7281-4561-7/19/$31.00 ©2019 IEEE
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  210 
 
convention electricity generation technologies in the 
electricity industry[1]. 
According to SADC, (2016), the SADC energy industry 
e a  g a   to ensure the availability of sufficient, 
reliable, least-cost energy services that will assist in the 
attainment of economic efficiency and the eradication of 
poverty while ensuring the environmentally sustainable use 
of energy resources . He ce, f  he eg   a a  ch 
goals in a sustainable manner, a number of legal documents, 
policies and institutional frameworks have been put in place 
through the adoption of several instruments including the 
Regional Indicative Strategic Development Plan (RISDP) 
which was adopted in 2003 then revised in 2015; the Energy 
Cooperation Policy and Strategy of 1996 , the SADC 
Protocol on Energy and the SADC Energy Action Plan 
(1997) [8]. Furthermore, to harmonize the regional energy 
industry, SADC member states have further established 
several subsidiary organizations to conduct energy 
programmes, projects and activities. These subsidiary 
organizations include the SADC Centre for Renewable 
Energy and Energy Efficiency (SACREEE), the Southern 
African Power Pool (SAPP), and Regional Electricity 
Regulators Association of Southern Africa (RERA) [8]. 
These subsidiary organizations coordinate the planning, 
generation, transmission and marketing of electricity and 
also help in harmonizing the regulatory policies on energy 
on behalf of SAPP Member State utilities in the SADC 
region [3, 8].A total of 12 of SADC member states are SAPP 
members but only 10 members are active and participate in 
RERA.  
Hence, energy is considered as one of critical area of 
Priority B in the new RISDP 2015-2020 which provide 
advises to ensure that the regional and national policies are 
in accordance with achieving the security, reliability, and 
sustainability of the energy industry of the region, with 
member countries working together in research and 
development of low-cost energy technologies and sources 
applicable to the region [3,8]. Therefore, the provision of 
reliable and sustainable energy for the region has continued 
to be a priority f  SADC e be  a e  de e e  
agenda.  
 
TABLE I. SUMMARY OF 4EA S SADC ELECTRICITY INDUSTRY SUSTAINABILITY INDICATORS AND CRITERIA 
Aspects of 4A  Issues Sustainability Criteria & Indicators 
Acceptability Global Warming   1) Policies on Renewable energy technologies (checklist) 
2) Renewable energy share in electricity generation (%)  
3) CO2 emission per capital (t CO2/capital )  
4) CO2 emission (ktCO2/year) 
Accessibility Access to Modern Energy 
Services and Future Access 
Targets  
5) Electrification rate (%)  
6) Electricity Consumption per capital(kWh)  
7) Electricity Intensity (kWh/GDP)  
8) Future Electrification Targets 
Availability Energy Security 9) Diversity in Electricity generation mix (% share of each fuel type)  
10) Diversity of fuel in Electricity generation (Shannon Wiener Index) 
11) Dependence on imported electricity generation  
 Self-Supply Sufficiency of Electricity (%) 
12) Future Share of Renewable Energy Targets  
Affordability Electricity Affordability 13) Electricity Prices ($/kWh)  
14) GDP per Capita 
 
TABLE II. SOCIO-ECONOMIC STATISTICS FOR THE SADC MEMBER STATES  [3,15,16] 
Member 
States 








Area (km2) Population GDP (US$ Billion) GDP per capita($) HDI 
Angola 1,246,700 30,355,880 126,5 6,800 0.533 336.01 34,763 41 
Botswana 581,730 2,249,104 17,38 17,000 0.698 1123.56 7,033 61 
DRC 2,344,858 85,281,024 41,44 0,800 0.435 106.07 4,672 17 
Eswatini 17,364 1,087,200 4,417 10,100 0.541 350.44 1,203 66 
Lesotho 30,355 1,962,461 2,749 3,300 0.497 259.88 2,468 34 
Madagascar 587,041 25,683,610 11,50 1,600 0.512 66.42 3,077 23 
Malawi 118,484 19,842,560 6,240 1,200 0.476 71.56 1,276 11 
Mauritius 2,040 1,364,283 13,33 22,300 0.781 2124.19 4,228 100 
Mozambique 799,380 27,233,789 12,59 1,300 0.418 674.90 8,427 24 
Namibia 823,290 2,533,224 13,24 11,200 0.640 553.84 3,755 56 
Seychelles 455 94,633 1,498 29,300 0.782 3698.50 495 100 
South Africa 1,219,090 55,380,210 349,3 13,600 0.666 4234.36 489,772 86 
Tanzania 947,300 55,451,343 51,76 3,200 0.531 120.81 11,562 33 
Zambia 752,614 16,445,079 25,71 4,000 0.579 702.34 4,503 31 
Zimbabwe 390,757 14,030,368 17,64 2,300 0.516 484.66 12,020 38 
SADC 9,509,776  695,294 8,533 0.574 993,84  48 
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This paper therefore present a comparative sustainability 
a e men  of he SADC membe  a e  elec ici  ind  
using Four Elect ici  A ec  (4EA ) a oach ba ed on 
sustainability indicators and criteria. The approach has been 
adopted based on arguments that for any energy system to be 
sustainable,  it must adhere to the four aspects related to 
4EAs.  For a comprehensive assessment of the electricity 
industry in the region, the four aspects are classified down 
in o 16 indica o  hich a e linked i h elec ici  ind  
performance in terms of environmental, social and 
economical including technical. The approach consists of 
four electricity aspects (4EAs); Electricity Affordability, 
Electricity Accessibility, Electricity Availability and 
Electricity Acceptability [9]. The 4EA  a oach add e e  
the three key pillars of sustainability; social, economical and 
environmental factors [10]. These three factors are 
particularly key principles of achieving electricity 
sustainability, in a way that is socially and environmentally 
acceptable and technically and economically viable which is 
appropriate for sustainable electricity sectors.  In assessing 
the SADC member state electricity industry relevant 
qualitative and quantitative criteria and indicators have been 
drawn focusing on the regional electricity industry. Hence, 
he e l  of ainabili  anal i  of SADC co n ie  
electricity industry will play vital role in providing a basis to 
assist and guide in policy making by better understanding of 
the current and future challenges emerging in the region 
electricity sector and alternatives in addressing these 
issues[11]. This will further help in making informed 
investment plan and decisions towards achieving 
sustainability in the electricity sector of the region. 
II.  SUSTAINABILITY ASSESSMENT OF ELECTRICITY 
INDUSTRY IN SADC REGION 
The SADC region electricity industry just like most Sub-
Saharan African regions, is facing numerals challenges 
associated with energy security issues due to rapid energy 
demand growth, lower energy accessibility due to lower grid 
coverage, highly dependence on fossil fuels leading to social 
and environmental impacts due to greenhouse gas emission. 
Hence, the region faces two major energy policy issues, 
firstly lower access levels to electricity which is about 48%, 
75% urban and 32% for rural areas, secondly, the energy 
security challenges due to dependent on fossil fuel or only 
one energy source in the nation energy mix [3].  
According o [12], ene g  ec i  i  defined a  he 
uninterrupted availability of energy sources at an affordable 
ice . The efo e, ene g  ec i  can be ca ego i ed in o 
two main aspects, long term and short term. Long term deals 
with timely investment in energy system to meet economic 
development without compromising the environmental 
needs. Short term mainly deals with ability of the existing 
energy supply system to meet sudden changes in the energy 
demand [12].Energy sustainability is one of essential factors 
in energy industry due to its strong link to economical, 
environmental and social aspects[13]. 
z Social Aspect; measures the impact of access to clean, 
affordable and reliable electricity on improving 
quality of human well-being. 
z Economic Aspect; reflects the impact energy 
availability may have to development prospects and 
economic growth of nation and society. According to 
literature [14], it is widely agreed that access to clean, 
reliable and affordable modern energy services such 
as electricity is vital for economic development and 
poverty alleviation for developing countries.  
z Environmental Sustainability; is used to reflect the 
impact energy systems contribute to overall 
environment.  The present energy systems across the 
global are the major drivers of environmental issues 
such as climate change. Hence, uses of fossil fuel 
(high-carbon emission technologies) in energy mix 
pose a greater risk on the environmental sustainability 
as compared to using low-carbon renewable energy 
technologies. 
Table 1 below ill a e  he 4EA  ainabili  
indicators and criteria adopted for assessing sustainability of 
SADC member states electricity industry performance. 
A. SADC Socio-Economic Development 
The SADC region comprises of sixteen (16) member 
states, Angola, Botswana, Democratic Republic of the 
Congo (DRC), Eswatini, Lesotho, Madagascar, Malawi, 
Mauritius, Mozambique, Namibia, Seychelles, South Africa, 
Tanzania, Zambia and Zimbabwe including the new member 
state, island state of Comoros. The region is a community to 
about 33% of the total population of Sub-Saharan Africa. 
The region experiences an annual average population growth 
of 1.9%. In the past decades, the region has seen a raise in 
urbanization for instance in the period 2013-2017 the region 
experienced an increase in the share of urban population 
from 35% in 2013 to 46% in 2017.  
a) HDI, GDP and GDP per Capita 
As highlighted in table 2, among the SADC member 
states there exist a very wide differences both in complexity 
and size in the gross domestic product (GDP) from as low as 
US$1.498billion (Seychelles) to as high as US$349.3billion 
(South Africa) (see table 2). This is the same as GDP per 
capita, ranging between US$800 (Malawi) and US$29,300 
(Seychelles). However, overall SADC region have 
experienced a decrease in the annual growth in GDP per 
capita due to a drop in commodity values worldwide and due 
to droughts which caused decrease in industrial and 
agriculture production as a result of electricity deficit [15]. 
The region has also wide differences in social and economic 
development profiles. Comparing the member states using 
the United Nations Human Development Index (HDI), the 
SADC member states are classified in lower, medium and 
high HDI which varies between 0.418 (Mozambique) and 
0.782 (Seychelles), with nine of its member states ranking in 
lowest category less than 0.50, four in the medium between 
0.50 and 0.70 and only two ranking in the high level above 
0.70 (see table 2)[3]. The GDP per capita indicates the 
buying power of the citizen, hence countries with lower 
GDP per capita means that citizen have less buying power. 
In terms of electricity affordability this plays an essential 
role in ensuring that the household does not spend most of 
their income on electricity. As it seen from table 2 below, it 
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is clear that the majority of member countries are facing 
challenge due to the population having less buying power 
hence need for government subsidies to make the electricity 
affordable. 
b) SADC CO2 Emission 
 In SADC region nearly 85.7% of electricity generation 
is from coal thermal power plants which pose a high health 
risk and increasing greenhouse gas emission in the region. 
Despite of the region contributing less greenhouse gas 
emission which was about 2.2% of the global emission in 
2011, some member states like South Africa has remained 
higher emitters of greenhouse gas with 13th position in the 
d  a . I  2016, S  Af ca a e c b ed 
48% of carbon dioxide emitted in SADC region [3]. Table 2 
depicts the CO2 emission per capita in SADC member states 
as of 2015. The results shows that the region member 
countries have lower CO2 emission per capita except for 
South Africa which is mainly due to higher dependency on 
fossil fuels (coal) for electricity generation. 
B. SADC Electricity Industry Status 
As of 2018, the SADC region had a total installed 
capacity estimated at more than 61,859GW, with SAPP 
member states only, accounting for 59.539GW installed 
capacity and 54.397GW operating capacity [17]. The 
regional electricity demand growth is estimated at an 
average rate between 3% and 6% annually following suit 
with economic growth [18]. The total electricity demand 
projections by IRENA (2015) shows that in the SADC 
region, the demand is expected to double by 2030 from 
280TWh (2010) to 570TWh (2030) (see fig.2) due to various 
activities such as strong economic growth, population 
growth, urbanization and industry development in the 
region[19,20].  
 
Figure 2. Southern Africa projected energy demand by 2030 [20]. 
 
However, generation capacities and installed power grids 
are limited within the region; hence electricity supply has 
been lagging behind demand growth since 2007 until 2018 
when the region experienced excess supply due to 
commissioning of new power projects [21]. This lagging of 
supply demand balance had resulted in a complex and 
persistent electricity shortage in most SADC member states. 
In addition, in some SADC member states which are highly 
dependent on hydroelectricity due to climate change which 
caused droughts in the past few years, the presence of a grid 
connection did not guarantee the end user electricity access, 
or that consumers will even use it due to prolonged load-
shedding, brownout and power cuts [22]. The SADC region 
access level to modern energy services has still remained 
lower, as of 2017 the overall access levels to electricity 
where about 48% with 75% urban and 32% for rural areas 
(see Table.5). However, the region targets to increase the 
levels from the current to 85.5% by 2030 [3]. 
a) Electricity Consumption per Capita 
The electricity per capita in SADC member countries as 
of 2017 is illustrated in Figure 3 and table 2. Generally, as 
most Sub-Saharan African regions and countries, the 
electricity per capita  in the majority of SADC member 
countries is very low below average value for the region 
(993,84kWh per capita) with exception of South Africa, 
Seychelles and Mauritius which is above 2000kWh per 
Capita. The electricity per capita varies so widely with 
lowest being 66.42kWh per capita (Madagascar) and highest 
4234.36kWh per Capita (South Africa). 
 
 
Figure 3. Electricity comsumption per Capita. 
 
b) Electricity Intensity 
The energy intensity (kWh per US$) in SADC member 
countries is shown in figure 4. DRC, Madagascar, and 
Zimbabwe have the highest among the member countries 
with Botswana, Mauritius, Namibia and Seychelles having 
the lowest due to higher GDP and lower energy consumption 
due to lower population. This implies that electricity 
consumption growth in most of member countries is way 
below the economic growth. In addition, this shows the 
lower penetration and utilization of electricity appliances and 
equipments including lower accessibility to modern energy 
services in the region and member countries. 
 
 
Figure 4. Energy e  in SADC  countries  in 2017 [3]. 
 
a) Electricity Tariffs 
Figure  5 below shows the average electricity tariff in the 
SADC countries as of 2018. In terms of affordability, the 
lower the electricity price, the high are government subsidies, 
hence a burden on government expenditure. This means that 
the electricity supply is highly subsidied and does not reflect 
the real cost of electricity. It can be seen that Namibia has 
the highest overal electricity tariff in the region with the 
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majority being less than US$c10/kWh. These low price 
indicates that in many SADC member countries electricity is 
highly subsidies by the government and which is not very 
attractive for private investment. Hence, these low prices are 
some of the major hinderance to sustainable electricity 
industry development in the region. However with region 
plans for the member countries to reach cost reflective prices. 
It is expected that the industry will attract many private 
investments by 2030. 
 
TABLE III. ENERGY GENERATION, CONSUMPTION, IMPORTS AND EXPORT FOR THE SADC MEMBER STATES,2016/2017 [3,15,23] 
Member 
States 
Energy indicators for the SADC Countries 
(TWh/Year) 
Primary Energy Generation Mix (%) Diversification ESE(%) SSR(%) 
Generation  Consumption Exports Imports Other RES Hydro Nuclear Fossil 
Angola 10,20 9.036 0.000 0.000 2 64 0 34 0,67 88,59 100,0 
Botswana 2,527 3,636 0,000 1,673 0 0 0 100 0,00 86,57 60,17 
DRC 9,046 7,430 0,422 0,020 0 98 0 2 0,14 86,61 99,77 
Eswatini 0,381 1,431 0,000 1,077 41 20 0 39 0,96 98,15 26,13 
Lesotho 0,510 0,847 0,000 0,373 1 99 0 0 0,08 95,92 57,76 
Madagascar 1,706 1,587 0,000 0,000 2 24 0 74 0,59 93,02 100,0 
Malawi 1,420 1,321 0,000 0,000 6 93 0 1 0,28 93,03 100,0 
Mauritius 2,898 2,726 0,000 0,000 14 7 0 79 0,59 94,06 100,0 
Mozambique 18,39 11,57 12,88 9,928 1 83 0 16 0,45 86,34 35,69 
Namibia 1,403 3,891 0,088 3,073 8 64 0 28 0,77 88,90 29,97 
Seychelles 0,350 0,326 0,000 0,000 9 0 0 91 0,44 93,14 100,0 
South Africa 234,5 207,1 16,55 10,56 10 1 4 85 0,39 91,26 95,38 
Tanzania 6,699 5,682 0,000 0,102 6 40 0 55 0,79 83,55 98,50 
Zambia 11,55 11,04 1,176 2,185 2 93 0 5 0,27 88,94 82,60 
Zimbabwe 6,800 7,118 1,239 2,220 5 37 0 58 0,76 92,65 71,47 
 





























S b id  
Grant or 
Rebate 
Angola                 
Botswana    9          
DRC            
Eswatini 9         9   9   
Lesotho     9   9     9   
Madagascar     9     9   9   
Malawi     9      9   9   
Mauritius     9   9          
Mozambique           9   
Namibia     9           
Seychelles       9   9   9   
South Africa      9             
Tanzania       9  9  9   9    
Zambia              9    
Zimbabwe     9   9          
 
TABLE V. RE SUPPORT POLICIES IN SADC MEMBER STATES AS OF MID 2018 CONTINUES 
Member 
States 
Fiscal Incentives & Public Financing 
Investment /Production 
Tax Credits 
Reductions in Sales, Ene g  




Loans or Grants 
Angola       
Botswana    9  
DRC     
Eswatini     
Lesotho    9  
Madagascar     
Malawi  9   9  
Mauritius  9   9  
Mozambique     
Namibia     
Seychelles  9   9  
South Africa      9  
Tanzania  9   9  
Zambia     9  
Zimbabwe    9  
264
Developing A Sustainability Framework for The Assessment  of Renewable Energy Policies In Zambia 
 
 
  214 
 
 
Figure 5. Electricity tarriffs in SADC member, 2018 [22]. 
III. SADC ELECTRICITY GENERATION AND 
CONSUMPTION  
The one alternative of addressing the current electricity 
problems and supporting the natural environmental 
sustainability in the region is through a switch to low 
carbon-intensive technology by increasing the proportion of 
renewable resources in the regional electricity sector. Recent 
researches in the region have increasingly highlighted the 
viability of renewable energy projects as being feasible 
alternative. Hence, renewable energy such as hydro, biomass, 
geothermal, solar and wind energies are increasingly gaining 
prominence in SADC region with total installed capacities as 
of 2017 reaching 18,069MW (see fig.6 and table 3), by mid 
of 2018 the capacity increased further reaching 21,760MW 
[3,23]. The SADC region has estimated annual total wind 
and solar potential of 800TWh (Wind), 219.5TWh (solar PV) 
and 109.3TWh (Solar Concentrated power) [19, 20].  
However, the regional estimated RE electricity generation 
potential for the period 2010-2030 is 62,781MW for 
centralized energy systems and 24,725MW for decentralized 
off-grid projects [24]. A recent report issued in 2018 by 
SACREE concluded that wind and solar energy could be 
economically and environmentally competitive alternative 
for the SADC region in the near future [3].  
 
Figure 6. Comparison of RE Development Trend in Africa and SADC 
Region. 
a) RE Percent Share in Total Electricity Generation 
Figure 7 highlights the percentage share of RE in the 
final electricity generation in SADC countries. It can be seen 
that DRC has the highest share of RES (92.87%) in the 
national overall electricity generation mix due to high use of 
hydro for electricity generation with Seychelles having the 
lowest (1.03%) due to its dependent on fossil fuels.  
Generally, the region and member countries have seen an 
increase in RE share in the final electricity generation mix. 
 
 
Figure 7. RE Percet Share in Total Electricity Generation in SADC 
Countries[3] 
b) Electricity Supply Efficiency of SADC Countries 
The elec ici  l  efficienc (ESE) i  defined a  the 
ratio of electricity not lost(ENL) to the total electricity 
supply (TES) [25].This indicator shows the co n  
electricity industry overall performance, it takes care of 
losses due to grid and due to electricity theft in the sector. It 
was calculated using equation 1(1a to 1c). 
In case of SADC member states involved in exporting 






                             (1a) 
For SADC countries that produce and imports electricity 







                             (1b) 
SADC countries that are involved in neither exports nor 
import of electricity such as island and other mainland 
member countries (e.g. Angola, Malawi, Madagascar, 





                                  (1c) 
Where EC is electricity consumption, IE is electricity 
imports, EP is electricity production, EXE is electricity 
exports. Table 3 below illustrates SADC countries 
performance under electricity supply efficiency. It can be 
observed that Tanzania has the lowest ESE among the 
member countries  followed by Botswana, DRC and 
Mozambique whereas Eswatini has the highest ESE among 
all countries. In short, the majority of member countries have 
ESE less than 95% except for Eswatini (see table 3). This 
depict that the majority of member countries overall 
electricity industry is facing  electricity losses challenges, 
either due to electricity theft or overall grid losses due to 
poor maintenance or long grid distances. 
c) Electricity Supply Diversification of SADC Countries 
In terms of electricity supply diversification, the higher 
the value means higher sustainability (higher energy security) 
and lower electricity sector risk due to higher diversification 
levels in the electricity supply. The Diversificaton of 
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Electricity Supply has been calculated using Shannon 









                         (2) 
where si is the share of each primary energy source i in the 
final electricity generation mix and n is the number of 
primary energy sources in the final energy mix. The maxium 
(Ln(n)) occurs when all the energy sources contribute equal 
share (1/n) to the final electricity generation mix. The results 
indicates that the diversification of electricity sector in 
SADC countries varies widely with Eswatini having the 
highest whereas Botswana having the lowest as illustrated in 
table 3.  It should be noted that all SADC member countries 
have set plans to diversify local electricity generation mix by 
2030.Hence, it is expected that the future SADC region and 
member countries  electricit  industr  ill be more 
diversified, with increased energy security and accessibility 
if all member countries implement and achieve the planned 
targets. However, due to availability of the local fossil fuels 
(Coal and Natural Gas) in number of member countries, it is 
expected that fossil fuels will continue playing a major role 
in electricity generation in the region. 
d) Self Supply Sufficiency (SSR) Rate of SADC 
Countries 
To assess the impact of energy diversification and energy 
imports on the national electricity industry in SADC region, 
the Self-Sufficiency Rate (SSR) in the local electricity 
industry  was evaluated for each member states using 
equations 3a to 3c[25]. This deminsion measures the ability 
of member states  electricity industry to meet its current 
electricity  demand using the local electricity generation. 
Hence, the higher the value above and equal to 100% means 
country is self sufficiency whereas below 100% means the 
country depends on imported electricity. 
Considering countries that imports some of their 




                                     (3a) 
Considering countries that exports their surplus 




                               (3b) 
In case of SADC countries that are not interconnected to 





                                    (3c) 
where NIE is net import electricity and TDES is total 
production of electricity. In terms of SSR, the higher the 
value the  higher sustainability (energy security) and lower 
electricity sector risk due to less dependency on the imports 
of energy supply(see table 3). It can be seen that the majority 
of the member states are self sufficient in the electricity 
supply with few facing self sufficiency challenges. 
IV. RE SUPPORT POLICIES FOR ENHANCING ENERGY 
SUSTAINABILITY IN THE SADC COUNTRIES 
To ensure private sector participation in electricity 
industry and successful development and dissemination of  
renewable energy technologies (RETs) programs in the 
SADC region and also to stimulate investment in RETs, the 
SADC member countries  is/has set a number of additional 
incentives and RE support policies which include (see table 
5)[3,27,28]: 
 RE Targets 
 RE in NDC or INDC 
 Regulatory Policies 
 FiT/ Premium Payment  
 Electric Utility Quota Obligation  
 Net Metering 
 Grid Code Revisions 
 Tradable RE Credit 
 Tendering 
 Capital Subsid  Grant or Rebate 
 Fiscal Incentives & Public Financing 
 Investment /Production Tax Credits 
 Reductions in Sales, Energ  CO2,VAT or other 
taxes 
 Energy Production Payment 
 Public Investment Loans or Grants 
As illustrated in Table 4, all SADC member countries 
have progressed to establishing policies on RE technologies. 
However, these policies vary according to the country targets 
and goals set in the national master plans. 
V. KEY FINDINGS AND CONCLUSION  
In this paper a comparative analysis of 15 SADC 
member state in terms of their ability to provide secure, 
affordable and environmentally sustainable energy system 
has been conducted. The sustainability assessment of  SADC 
countries  electricit  Industr  has been conducted based on 
the following electricity sector performance indicators  and 
criteria; electricity supply and demand affordability of and 
access to electricity and environmental social impact of a 
member state s electricit  production and use, di ersit  of 
electricity supply, quality of supply, and affordability of 
electricity. The following summarizes the finding of the 
study; 
The SADC region member states  econom  is highl  
dependent on commodity, thus due to decrease in 
commodity price on the international market experienced in 
the past few years the economy of many SADC countries 
experienced a drastic decrease.  
 Currently, the access levels to electricity in SADC 
member states have still remained a challenge, particularly in 
rural areas. SADC region have a population of 
approximately 341million people, however only about 48% 
of the total household have access to electricity. According 
to SACREEE (2018) the majority of the population lives in 
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Electricity Supply has been calculated using Shannon 









                         (2) 
where si is the share of each primary energy source i in the 
final electricity generation mix and n is the number of 
primary energy sources in the final energy mix. The maxium 
(Ln(n)) occurs when all the energy sources contribute equal 
share (1/n) to the final electricity generation mix. The results 
indicates that the diversification of electricity sector in 
SADC countries varies widely with Eswatini having the 
highest whereas Botswana having the lowest as illustrated in 
table 3.  It should be noted that all SADC member countries 
have set plans to diversify local electricity generation mix by 
2030.Hence, it is expected that the future SADC region and 
member countries  electricit  industr  ill be more 
diversified, with increased energy security and accessibility 
if all member countries implement and achieve the planned 
targets. However, due to availability of the local fossil fuels 
(Coal and Natural Gas) in number of member countries, it is 
expected that fossil fuels will continue playing a major role 
in electricity generation in the region. 
d) Self Supply Sufficiency (SSR) Rate of SADC 
Countries 
To assess the impact of energy diversification and energy 
imports on the national electricity industry in SADC region, 
the Self-Sufficiency Rate (SSR) in the local electricity 
industry  was evaluated for each member states using 
equations 3a to 3c[25]. This deminsion measures the ability 
of member states  electricity industry to meet its current 
electricity  demand using the local electricity generation. 
Hence, the higher the value above and equal to 100% means 
country is self sufficiency whereas below 100% means the 
country depends on imported electricity. 
Considering countries that imports some of their 




                                     (3a) 
Considering countries that exports their surplus 




                               (3b) 
In case of SADC countries that are not interconnected to 





                                    (3c) 
where NIE is net import electricity and TDES is total 
production of electricity. In terms of SSR, the higher the 
value the  higher sustainability (energy security) and lower 
electricity sector risk due to less dependency on the imports 
of energy supply(see table 3). It can be seen that the majority 
of the member states are self sufficient in the electricity 
supply with few facing self sufficiency challenges. 
IV. RE SUPPORT POLICIES FOR ENHANCING ENERGY 
SUSTAINABILITY IN THE SADC COUNTRIES 
To ensure private sector participation in electricity 
industry and successful development and dissemination of  
renewable energy technologies (RETs) programs in the 
SADC region and also to stimulate investment in RETs, the 
SADC member countries  is/has set a number of additional 
incentives and RE support policies which include (see table 
5)[3,27,28]: 
 RE Targets 
 RE in NDC or INDC 
 Regulatory Policies 
 FiT/ Premium Payment  
 Electric Utility Quota Obligation  
 Net Metering 
 Grid Code Revisions 
 Tradable RE Credit 
 Tendering 
 Capital Subsid  Grant or Rebate 
 Fiscal Incentives & Public Financing 
 Investment /Production Tax Credits 
 Reductions in Sales, Energ  CO2,VAT or other 
taxes 
 Energy Production Payment 
 Public Investment Loans or Grants 
As illustrated in Table 4, all SADC member countries 
have progressed to establishing policies on RE technologies. 
However, these policies vary according to the country targets 
and goals set in the national master plans. 
V. KEY FINDINGS AND CONCLUSION  
In this paper a comparative analysis of 15 SADC 
member state in terms of their ability to provide secure, 
affordable and environmentally sustainable energy system 
has been conducted. The sustainability assessment of  SADC 
countries  electricit  Industr  has been conducted based on 
the following electricity sector performance indicators  and 
criteria; electricity supply and demand affordability of and 
access to electricity and environmental social impact of a 
member state s electricit  production and use, di ersit  of 
electricity supply, quality of supply, and affordability of 
electricity. The following summarizes the finding of the 
study; 
The SADC region member states  econom  is highl  
dependent on commodity, thus due to decrease in 
commodity price on the international market experienced in 
the past few years the economy of many SADC countries 
experienced a drastic decrease.  
 Currently, the access levels to electricity in SADC 
member states have still remained a challenge, particularly in 
rural areas. SADC region have a population of 
approximately 341million people, however only about 48% 
of the total household have access to electricity. According 
to SACREEE (2018) the majority of the population lives in 
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rural areas. However, out of the total population that lives in 
rural areas only about 32% have access to modern energy 
services leaving the majority to depend on wood fuel and 
other traditional energy sources for their household energy 
needs.  On the other hand, of the total urban population only 
75% of the household have access to electricity.  
 In terms of RE share targets, it is noted that all the 
member countries have put up targets to be achieved by 
2030. Assuming that the targets set by SADC member 
countries is realized as planned by 2030, it is expected that 
low-carbon renewable energy technologies (RETs) would 
contribute significantly to the future electricity generation 
mix and development of sustainable electricity industry in 
SADC region. Hence, it is expected that the future electricity 
industry in the SADC region will go greener and clean as 
compared to present status. 
 It has also been argued that electricity tariffs within 
the electricity industry should reflect the true value of 
electricity services and costs of electricity production, 
transmissions and distribution, including external benefits 
and costs of the industry, such as the environmental harms of 
greenhouse gas emissions. In theory, it is such prices that 
will drive efficient industry operational and investment 
decisions that maximize societal benefit. However, 
according to the electricity prices practiced in the SADC 
region, it is clear that subsidies are highly practiced by many 
SADC member countries as one of the approaches to reach 
electricity affordability and also accelerate access to 
electricity among lower income households. However, the 
subsidy burden is leading to national budget deficits which is 
huge among SADC countries as seen in Zambia during the 
period 2014-2017 when the electricity deficit was covered  
by importing electricity from neighboring countries at cost 
reflect price which cost the utility company and the 
government huge sum of dollars.   
 SADC region and member countries have a vast 
potential of renewable energy source which can be tapped 
for electricity production for both rural and urban areas. This 
potential if utilized to produce electricity, the majority of 
SADC member countries without access to electricity would 
start benefiting too. In addition, if use of RET is combined 
with energy efficiency policies as stated in SADC member 
countries targets, the region could substantially avoid the 
situation that occurred in the past decade of electricity deficit 
in region and its members states. Furthermore, the use of RE 
in the regional and national electricity generation mix, will 
result into delivery of better health services, better living 
standards of the population in urban areas as well as in rural 
areas which will tremendously be improved leading to 
sustainable and clean cities and communities.  
Therefore, the policies that is based on addressing human 
basic needs such as increasing access to electricity and 
improving national or regional energy security, should also 
consider environmental and social acceptability more 
especially in developing countries like SADC countries, 
however the electricity cost should also reflect the true cost 
of the electricity services.  
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 Scenario Analysis on Impact of Renewable Energy Policy on Imported Energy Dependency in Zambia  
Research question 4- Article 4 results 
 
 




How can a system dynamics model be used to evaluate impact of 
renewable energy policies based on system thinking analysis and 
Policy instrument assessment be adopted for the ZASREP 
framework in Zambia?   
Research objectives:  
To design a Sustainable Renewable Energy Policy (SREP) model using 
system dynamics model to evaluate policy instruments in Zambia.   
Article name :  
“A System Dynamics Analysis of Impact of Feed In Tariff Policy on Solar 
Photovoltaic Deployment in Zambia”.  
Published in : 2019 (Not Submitted/Not Published) 
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A system dynamics analysis of Feed in Tariff Policy Impact on Renewable Energy in Zambia 
Research question 5- Article 5 results 
Research question -RQ 5:  
 
How does “the policy instrument adopted” affect the renewable 




To design a system dynamics model to evaluate renewable energy 
policies from an imported energy dependency and system security 





“Renewable Energy Policy and the Future of Imported Energy 
Dependency in Zambia”.  
Published in : 2019 (Not Submitted/Not Published) 
 
 
